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Promotion of Geography Student 
Teachers’ Abilities to Diagnose Pupils’ 
Written Argumentation Skills 
with the Help of a Diagnostic Tool 

Alexandra Budke and Kimberley Hindmarsh 

Abstract Argumentation competencies are essential in order to participate in social 
discourse. Teaching these skills is one of the aims of geography lessons. However, 
since pupils often find it difficult to produce correct, complete and convincing argu-
ments, there is a need for support from the teacher in developing these skills. In order 
to be able to support pupils individually, their existing argumentation competencies 
must first be determined by an educational diagnosis. In the study presented here, 
a diagnostic tool was developed in a digital learning unit and used and evaluated in 
a seminar with geography student teachers (This study was conducted with student 
teachers of the subject geography. We will further refer them as “students”) at the 
University of Cologne in Germany. The study showed that the students were mostly 
able to use the diagnostic tool correctly and to apply it competently. The results of 
the evaluation also showed a high level of acceptance of the OER and a good rating 
of the diagnostic tool by the students, especially due to its practical relevance. 

Keywords Open educational resource (OER) · Diagnosis · Argumentation 
competency · Teacher education · Geography 

Introduction 

In geography lessons, central social issues are dealt with, such as climate change, 
migration, poverty, urban and regional development, sustainable resource use, etc. 
In order to understand these topics, pupils necessarily need argumentation skills 
to be able to comprehend the respective social discourse. In addition, the aim of 
geography lessons is to contribute to the education of mature citizens who not only
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4 A. Budke and K. Hindmarsh

understand the arguments of the social groups involved in the discourse, but can 
also individually assess and evaluate them and justify their own position on this 
basis (Budke 2016). Therefore, the teaching of argumentation skills is an objective 
of geography education defined in the national educational standards and curricula 
specific to the federal states (DGfG 2014). 

However, there are various studies that show that pupils and also students often 
find it difficult to formulate complete, technically correct and convincing arguments 
(e.g. Budke and Kuckuck 2020; Chase 2011; Lytzerinou and Iordanou 2020; Uhlen-
winkel 2015). Pupils should be supported by their teachers in geography lessons in 
developing the competence to formulate technically good arguments. In order to have 
the necessary didactic competencies, it is, therefore, necessary in teacher training that 
students learn and practise the diagnostics of the argumentation competencies of the 
pupils. 

In order to promote these competencies, a tool for the diagnosis of students’ written 
argumentation competence was developed and integrated into a digital learning unit. 
This is available as an open educational resource (OER). 

Since the Corona pandemic, the need to include digital teaching and learning mate-
rials in higher education has become obvious and i.a. there has been an unexpected 
surge in new didactic concepts and materials developed by lecturers and published 
as OERs. This surge in practical development in higher education should now be 
followed by an examination of the exact learning effects and a discussion about 
the transferability of the particularly positive approaches to other higher education 
institutions and subjects. 

In this context, the focus of the chapter is the presentation of an OER that was 
developed within the framework of the BMBF project “DiGeo”1 —Generalisability 
and transferability of digital subject concepts using the example of the responsible 
use of digital geomedia in teacher training. The aim of DiGeo is to develop a subject 
concept for building up competence in the responsible use of digital geomedia in 
geography teacher training. For this purpose, exemplary digital learning formats are 
developed and tested as open educational resources (OER). In the sub-area of argu-
mentation/communication, ten OERs have been created so far, which are intended 
on the one hand, to expand the argumentative competencies of student teachers of 
geography and on the other hand, to develop their skills for the didactic advancement 
of the argumentation competencies of their future students.2 One of these OERs deals 
with the topic of the didactic diagnosis of argumentation competencies and will be 
presented in more detail below.3 First, the theoretical foundations on the basis of 
which the OER was created will be explained (section “Theoretical Background” 
of this chapter), then the didactic tool will be introduced (section “Diagnostic Tool 
for Argumentative Text Products”), the didactic conception of the learning unit will

1 DiGeo website: https://digeo-oer.net/doku.php?id=start. 
2 Website of the DiGeo sub-project Argumentation/Communication: https://www.ilias.uni-koeln. 
de/ilias/goto_uk_cat_3758292.html. 
3 Website for the OER “Diagnosis of argumentation skills”: https://www.ilias.uni-koeln.de/ilias/ 
goto_uk_lm_4679282.html. 

https://digeo-oer.net/doku.php?id=start
https://www.ilias.uni-koeln.de/ilias/goto_uk_cat_3758292.html
https://www.ilias.uni-koeln.de/ilias/goto_uk_cat_3758292.html
https://www.ilias.uni-koeln.de/ilias/goto_uk_lm_4679282.html
https://www.ilias.uni-koeln.de/ilias/goto_uk_lm_4679282.html
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be presented (section “The Didactical Concept of the OER”), the methodological 
procedure for the evaluation in the context of a seminar will be explained (section 
“Methodological Approach to the Evaluation”) and then the results on the following 
research questions will be presented (section “Results” and section “Summary and 
Conclusion”):

• How interesting, meaningful, appropriate, understandable and relevant did the 
students find the work with the digital learning unit to diagnose written 
argumentation skills?

• How competently did the students use the diagnostic tool from the learning unit 
to diagnose a pupil’s argumentation competence based on his or her text? 

The chapter concludes with a summary of the results and an outlook (section 
“Summary and Conclusion”). 

Theoretical Background 

According to Witt (2015, p. 2), pedagogical diagnostics is understood as follows: 
“The term ‘diagnostics’ includes all activities that determine the prerequisites and 
conditions for successful teaching and learning processes of a learner. Furthermore, 
learning processes are analysed and their effectiveness, which is reflected in the 
learning outcome, is determined. The aim of diagnostics is to optimise the individual 
learning process”. 

The diagnosis of pupils’ argumentation competencies is very demanding, as a 
look at the broad scientific discussion on the topic proves (e.g. von Aufschnaiter 
et al. 2008; Benetos and Bétrancourt 2020; Gronostay 2017; Maier and Budke 2018). 
As part of the SpiGu-project,4 an analysis grid for evaluating argumentative pupil 
texts was developed in cooperation between geography and German didactics and 
on the basis of already developed approaches (Budke et al. 2020).5 Overall, the 
analytical grid contains the following four main categories and is thus based on an 
interdisciplinary combination of theories from German and geography didactics: (1): 
Argumentative organisation of the text through (subject-)linguistic action schemata; 
(2): Linguistic and structural organisation of the text; (3): Material reference; (4): 
Content quality of the argumentation. The focus in the first two parts of the analysis 
grid is on the linguistic quality and structural organisation of the argumentation, 
for which approaches to specific “text procedures” in written argumentation and 
material-based writing were the basis (e.g. Feilke 2014; Steinseifer 2018). For this 
purpose, the (technical) linguistic action schemata used, such as “positioning” or 
“justifying”, are examined, among other things. Since geographical argumentation

4 SpiGu: Language-sensitive teaching and learning in inclusive geography teaching: formats of 
support in material-based argumentative writing. 
5 Link to the analysis grid: https://geodidaktik.uni-koeln.de/multimedia/analysebogen-zur-beurte 
ilung-von-schriftlichen-argumentationen. 

https://geodidaktik.uni-koeln.de/multimedia/analysebogen-zur-beurteilung-von-schriftlichen-argumentationen
https://geodidaktik.uni-koeln.de/multimedia/analysebogen-zur-beurteilung-von-schriftlichen-argumentationen
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is usually written with the support of material (Budke 2021), which means that 
pupils write their argumentation on the basis of maps, diagrams, texts and pictures, 
the third part of the grid examines whether the pupils used the material provided 
by the teacher or researched by themselves and the content quality of the material 
reference in the argumentative text. In the last part of the grid, the structural quality 
of the argumentation is examined, referring to Toulmin’s (1996) approach, which 
has been used successfully in many studies on argumentation quality measurement 
(e.g. Lam et al. 2018; Stapleton and Wu 2015). In addition, the content quality of the 
argumentation is determined, whereby the theoretical approach of Kopperschmidt 
(2016, pp. 62–64) was used as well as geography-specific approaches (Budke et al. 
2015, p. 276). 

Based on these theoretical considerations, a simplified diagnostic instrument was 
developed that teachers can use to diagnose their students’ written argumentation 
skills (Fig. 1). This consists of five parts. Relevant criteria are used to assess the 
number of arguments in the text (1), the quality of the structure of the text (2), 
the quality of the presentation of the conflict in the text (3), the inclusion of relevant 
actors involved in the argumentation (4) and the quality of the integration of materials 
(maps, diagrams, texts, etc.) into the text to derive evidence for the arguments (5). In 
contrast to the scientific questionnaire, the assessment of the fulfilment of the quality 
criteria described above is not carried out precisely in the diagnostic tool for teachers, 
but is assessed with the categories “completely true”, “partly true” and “not true”. 

Diagnostic Tool for Argumentative Text Products6 

The following diagnostic tool (Fig. 1) can be used to diagnose the students’ compe-
tencies for the written formulation of material-based argumentations. It can be used 
to give feedback to the students about their level of proficiency, but also to adapt 
to their own lesson planning to this level of proficiency. The tool is divided into 
five sections (number of arguments, general structure, argumentation on the conflict/ 
problem, actors, material and material reference).

The Didactical Concept of the OER 

The OER for the diagnosis of written argumentation skills of pupils in geography 
lessons was developed and implemented together with Sarah Schwerdtfeger, Laura 
Nieß and Laura Maßmann. The target group is student teachers of geography. It can

6 The diagnostic tool is based on the questionnaire from the SpiGU project at the University 
of Cologne under the direction of Prof. Dr. Alexandra Budke, Prof. Dr. Alexandra L. Zepter and Dr. 
Diana Gebele. This is available under the following link: https://geodidaktik.uni-koeln.de/multim 
edia/raumnutzungskonflikt-innerer-gruenguertel-koeln. 

https://geodidaktik.uni-koeln.de/multimedia/raumnutzungskonflikt-innerer-gruenguertel-koeln
https://geodidaktik.uni-koeln.de/multimedia/raumnutzungskonflikt-innerer-gruenguertel-koeln
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Examples/Explanation Comm 
ents: 

1. Number of arguments  

Number of complete 
arguments formulated 
by the student. 

Complete arguments contain an 
opinion, a proof and a validity rela-
tion that logically connects opinion 
and proof. These are marked in the 
text and then counted. The smileys 
on the right can be used to evaluate 
the number of complete arguments 
against the background of the topic, 
the materials and the class level. 

Number of complete ar-
guments: _____ 

 appropriate number 
 partly appropriate num-

ber
 inappropriate number 

2. General structure 
complete 

ly true 
partly 
true 

not 
true 

2.1 Student organises and 
structures his/her own 
text. Recognisable and 
text-progressively 
compre-hensible sec-
tions of meaning that 
appropriately support 
the intention of the 
presentation. 

Introduction 
Main part 
Conclusion  
e.g. by paragraphs  

2.2 Student uses structur-
ing terms in his/her 
text. 

e.g. first; second, next; last; first  

2.3 Student concludes the 
text with a conclusion. 

e.g. My conclusion is; for these 
reasons; as a result; I conclude 
that...). 

3. Argumentation on the conflict/problem 
complete 

ly true 
partly 
true 

not 
true 

3.1 Student correctly de-
scribes the con-
flict/problem being 
argued. 

Describes the problem/issue being 
argued about, on which social 
groups have different 
views/interests correctly 

3.2 Student correctly 
reflects the spatial 
conditions of the 
conflict. 

Student correctly describes the 
spatial relevance of the prob-
lem/issue being argued about. e.g. 
localisation of the place of conflict, 
effects on different scales, spatial 
action and reach of the actors. 

3.3 Student correctly 
reflects the temporal 
conditions of the 
conflict. 

When did the conflict arise and how 
did it develop in time? e.g. Since 
MM/YYYY it has been discussed; 
by the year YYYY it should,...; By 
YYYY, it will be decided 
whether.... 

3.4 Student positions 
him/herself on the 
conflict and gives 
his/her opinion on the 
conflict. 

e.g. in my opinion; I am for/ for/ 
against/ against.... 

Fig. 1 Diagnostic tool for argumentative text products, authors: Alexandra Budke, Sarah Schw-
erdtfeger, Laura Nieß and Rica Maßman
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3.5 The student justifies 
his/her position in a 
meaningful way. 

e.g. because; since; therefore; due 
to; 

3.6 Student formulates 
counter-arguments to 
his/her thesis. 

e.g. against...; although... 
;however.... 

3.7 Student weighs up or 
invalidates counter-
arguments. 

e.g. although...but; both..., and; 
nonetheless; nevertheless 

4. Actors 
complete 

ly true 
partly 
true 

not 
true 

4.1 Student names the 
relevant actors for the 
issue/conflict. 

e.g. local residents, business 
representatives, environmentalists 

4.2 Student correctly 
reflects the positions of 
the actors. 

The opinions/views/arguments of 
the actors in the conflict are correct-
ly reproduced and used in one’s 
own argumentation. e.g. The busi-
ness representatives are of the opin-
ion that..., 

5. Material and material reference 
complete 

ly true 
partly 
true 

not 
true 

5.1 Student uses 
information from 
provided or researched 
material in own text 
and presents the 
information correctly. 

Information contained in the 
materials is used to form the 
arguments and is used correctly. 
Correct means that the information 
used for the arguments corresponds 
to that of the material or that the 
information beyond the material is 
verifiably correct. 

5.2 The student makes a 
linguistic reference to 
the source in his or her 
text. 

-As described in material X, ...  
-Material X 
shows/evidences/illustrates/... 
-On the basis of the map/diagram 
from material X it can be read that 
... - M1; x says/writes etc. that. 

5.3 Student compares 
materials and links 
information in a 
meaningful way. 

e.g. Both material X and material Y 
show that ...  
e.g. Compared to; comparable 
with; …  

Total: 
Comment:  

Fig. 1 (continued)

be accessed through the following link: https://www.ilias.uni-koeln.de/ilias/goto_ 
uk_lm_4679282.html. 

The OER was technically implemented on the learning platform “ILIAS” used 
by the University of Cologne, whereby many interactive learning elements (H5P 
elements) were integrated. 

For the orientation of the users, information on the target group, the time required, 
the learning objectives, the structure and the authors is provided on the starting

https://www.ilias.uni-koeln.de/ilias/goto_uk_lm_4679282.html
https://www.ilias.uni-koeln.de/ilias/goto_uk_lm_4679282.html
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page (Chapter 17 ). Further information such as literature, didactic commentary for 
lecturers on the use of OER in events and documents to download can be found at 
the end of the learning unit (Chapters 7–9). 

The core content of the OER are Chapters 2–4. In Chapters 2 and 3, student 
teachers of geography learn about the theoretical basis of diagnosis in general and 
the diagnosis of pupils’ argumentation skills using a diagnostic tool. The tool can be 
used to determine the quality of a pupil’s argumentative,8 material-based text and to 
give individual feedback to the learners on this basis. These two chapters are designed 
as self-learning units in which new knowledge content is not only presented in a 
multimedia format, but also practised and repeated. In contrast, Chapter 4 consists 
of a complex application task for which no standardised solution is offered. The 
students’ results should be discussed during university courses. Rounding off the 
content part, Chapter 5 contains questions for reflecting on learning gains. The exact 
didactic implementation of the self-learning unit is explained below. 

Self-Learning Unit 

The self-learning unit (Chapters 2–3) consists of materials for knowledge acquisition 
on the one hand and interactive practice and repetition elements on the other. The 
knowledge acquisition begins with the fictitious case study of a teacher who does 
not know how to give competent feedback to his student on her argumentative text 
(see Fig. 2).

This introduction should sensitise the students to the importance of pedagogical 
diagnosis in general and the diagnosis of argumentation competencies through the 
evaluation of argumentative texts in geography lessons and motivate them to work on 
the self-study unit. The situation in the comic is taken from everyday classroom life 
and invites the prospective teachers to identify with the comic figure of the teacher. 
The subject content is then offered as an interactive presentation. In addition, the 
diagnostic tool with all its criteria is presented and explained in detail. One criterion 
that can be used to diagnose the argumentation quality of the student text is, for 
example, its general structure (see Fig. 3).

The application of each criterion is practised using examples from one pupil texts. 
The students have to use the respective criterion to examine and evaluate the texts. 
For example, they have to mark in the text where the respective criterion is to be 
applied (see Fig. 4). The examination of the learning gain is done, i.e. by multiple 
choice answers.

7 By the term “chapter”, we refer to the chapters in the OER. 
8 A text written by a pupil of an 8th grade of a grammar school (ger.: Gymnasium) in Germany was 
used. His text was not written within a lesson at school, but as a test run at home. 
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Fig. 2 Comic as an introduction and to raise awareness for the diagnosis of argumentation skills 
(screenshot)

Fig. 3 The individual parts of the diagnostic questionnaire are presented and explained in the 
learning unit (screenshot)

Application Task 

The learned knowledge is to be applied in Chapter 4 in a challenging, authentic and 
creative task. The students are to assess the quality of an authentic pupil’s argumen-
tation using the entire diagnostic tool and give feedback to the pupil. Thus, this task 
ties in with the classroom situation illustrated by the comic strip in the introduction, 
in which teachers want to give their pupils qualified feedback on their texts. The
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Fig. 4 Exercises in the self-study unit

students now have to apply the individually learned criteria in context and weight 
them in their feedback. The diagnostic tool is provided as a Word document so that 
students can fill it out digitally and also use it in their future teaching practice. 

Methodological Approach to the Evaluation 

The evaluation and investigation of the students’ use of the diagnostic questionnaire 
to determine their diagnostic competence was carried out with undergraduate student 
teachers for Hauptschule, Realschule, Sekundarschule and Gesamtschule at the Insti-
tute for Didactics of Geography at the University of Cologne. The 18 students had 
attended the bachelor’s seminar “Teaching and learning argumentation with digital 
geomedia” of the subject geography, in which the learning unit was carried out and 
the application task was discussed. However not all 18 students completed every 
section of the diagnostic tool. Therefore, the sampling size in the evaluation of the 
use of the diagnostic tool varies between 15 and 18 students depending on how many 
students have completed the respective section of the diagnostic tool. 

Evaluation of the Learning Module 

After working with the learning module, the students evaluated it. They answered 
closed questions using a Likert scale. In addition, comments could be made in a 
free text field. Based on Arnold et al. (2018, p. 398), criteria for the evaluation
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could be defined. Acceptance was measured, i.e. the extent to which the learning 
unit was considered interesting and useful by the students. Another criterion was 
the comprehensibility of the materials and the learning objectives. In addition, the 
usability was examined, i.e. the extent to which the learning unit is user-friendly. 
The results were analysed descriptively and statistically. 

Evaluation of the Use of the Diagnostic Tool 

In the application task, students were asked to evaluate a pupil’s text using the diag-
nostic tool. The extent to which the students completed the diagnostic tool and the 
extent to which they actually recognised the weak points of the pupil’s argumen-
tation was investigated. In order to be able to assess this, a horizon of expectation 
was created by the coauthor and a student assistant, for each diagnostic criterion. 
If a student completely correctly evaluated a diagnostic criterion, (by evaluating the 
pupil’s text) two points (2 P.) were assigned to the student. If the student evaluated a 
diagnostic criterion partially correctly, one point (1 P.) was assigned to the student. 
If the students did not correctly evaluate a diagnostic criterion, zero points (0 P.) 
were assigned to the student. For each criterion, each student could be assigned up 
to two points. These points were assigned by the coauthor and a student assistant, 
who came to similar ratings. The scores give an overview of how well the students 
can diagnose using the questionnaire. The results were analysed descriptively and 
inferentially. 

Results 

In the following, the results of the evaluation of the learning module and the evaluation 
of the use of the diagnostic tool by students are presented. 

Evaluation 

After using the OER in the seminar, we asked ourselves how interesting, useful, 
appropriate, understandable and relevant the students found the work with the OER. 
On average, the students rated the OER as “good” (2.2). The positive overall result is 
also supported by the evaluation of the individual criteria for evaluating the learning 
unit (see Fig. 4). Of the 18 students that participated in this study, 11 filled out the 
sheet to evaluate the learning module. A large proportion of these 11 respondents 
consider the content of the learning module to be relevant to their studies and future 
teaching practice. To the question of what they particularly liked, one person wrote 
in this context:
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The topic of the learning module, as this is important for later everyday working life. 

In addition, all of the respondents completely or partly agreed, that it would 
be useful to apply the diagnostic questionnaire they learned about in the OER in 
their teaching practice in the future. And the majority (10) completely or partly feel 
competent to do so (see Fig. 4). One person wrote in this context: 

The diagnostic questionnaire helps me a lot and I can use it again and again now. 

This is encouraging as only one of the students had experience with diagnostic 
tools for argumentative texts before working with the unit. These results show that the 
students were able to understand the great importance of the pedagogical diagnosis 
of argumentative competencies through the learning unit and that the diagnostic tool 
is also evaluated very positively as a means of implementation. The acceptance of 
the OER is therefore very high. 

In addition, the comparison of the answers in the pre-test and post-test to the 
question of which criteria the students would use to assess argumentative pupil texts 
shows that before working with the learning unit, the students would have corrected 
primarily according to the order of argumentation and spelling, and after working 
with the learning unit, they would also include, among other things, the reference to 
the material and the naming of actors and their argumentations. Here, the learning 
effect through the OER is evident, as the students got to know these criteria and 
applied them with the diagnostic tool. 

The students also consider the level of difficulty of the learning unit and the time 
required to complete it to be appropriate for the most part (see Fig. 5). In addition, 
they find the learning unit easy to use and only very few technical problems were 
communicated. Thus, the usability seems to be given. The structure of the learning 
unit and the interactive elements were rated predominantly positively, but somewhat 
more negatively compared to the other criteria mentioned. It also fits in with this 
point that the design of the learning module was not rated as very interesting by 
everyone (see Fig. 5). In contrast, the authentic pupil’s text in the application task 
was rated very positively. The pupil’s text was mentioned by six people in the open 
question about what they liked: 

I particularly liked the fact that we could read and correct real texts written by pupils with 
their own handwriting.

Students’ Competencies to Use the Diagnostic Tool 

In the diagnostic tool, the 17 students9 who worked on the application task10 indicated 
the number of arguments in the pupil’s text they analysed. The results varied between

9 As mentioned before, not all of the 18 geography student teachers completed every section of the 
diagnostic sheet. The sampling size therefore varies between 15 and 18 students. 
10 The number of students varies in the individual categories because students sometimes formally 
misapplied the diagnostic questionnaire or filled it out incompletely. 
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Fig. 5 Evaluation results (own presentation)

three and eleven arguments, which shows that the students still have difficulties in 
recognising arguments even after working on the OER. The 10 arguments in the 
student text were fully recognised by only one student. Most students gave a much 
lower number of arguments (see Fig. 6). 

Using the diagnostic questionnaire, students also assessed the general structure 
of the pupil’s text. In this category, the students identified the pupil’s competencies 
completely correctly or partially correctly, with one exception (see Fig. 7).

In addition, the majority of the students assessed the pupil’s competencies with 
regard to his representation of the conflict in the argumentation also either completely 
or partially correctly (see Fig. 8). For the most part, the students found it easy to 
recognise that the pupil describes the conflict in his text and reflects the spatial 
conditions. Furthermore, they were able to recognise that the pupil presents his own 
position and justifies it in a meaningful way. On the other hand, it was more difficult 
for the students to recognise that the pupil did not mention the temporal conditions of 
the conflict. Although the students were able to recognise that the pupil partly weighs

Fig. 6 Evaluation of the students’ abilities to determine the number of arguments (own represen-
tation) 
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Fig. 7 Evaluation of students’ skills in analysing the general structure of the pupil’s text (own 
presentation)

up or invalidates counter-arguments, it was more difficult for them to recognise that 
the pupil formulates counter-arguments in his text. 

Only one-third of the students were completely correct and the other two-thirds 
were partially correct in their assessment of the fact that the pupil partially names the

Fig. 8 Evaluation of the students’ skills in analysing the presentation of the conflict in the 
argumentation (own presentation) 
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relevant actors in his text. All students correctly identified the correct representation 
of the positioning of these actors in the conflict (see Fig. 9). 

In the category of material reference, too, all but one student was able to identify 
the pupil’s reasoning skills either completely or partially correctly (see Fig. 10). 

Fig. 9 Evaluation of the students’ skills in analysing the representation of actors in argumentations 
(own presentation) 

Fig. 10 Evaluation of the students’ abilities to analyse the material reference in the pupils’ 
argumentation (own presentation)
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Summary and Conclusion 

The study showed that after working with the OER, the students were for the 
most part able to use the diagnostic tool for the diagnosis of written argumentation 
skills correctly and to apply it competently. In the vast majority of cases (93.7%), 
they assessed the quality of the pupil’s text either completely correctly or partially 
correctly. The evaluation also showed a positive result, as the OER and the tool 
were considered highly relevant by the majority, the acceptance was high, as was 
the comprehensibility of the materials and the usability. It can thus be concluded 
that the OER created is suitable for the students of the Institute for Didactics of 
Geography at the University of Cologne and represents enriching material in their 
studies. The extent to which it produces equally positive results at other locations 
cannot be answered on the basis of the sample. The diagnostic tool, which is at the 
centre of the OER, presumably has a particularly great transfer potential, since it was 
developed on the basis of existing argumentation-theoretical and empirical results 
on argumentation (see section “Theoretical Background”). 
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Development of the Online Geospatial 
Problem-Solving Instrument: 
Investigating Elementary Students’ 
Perceptual Processes in Geospatial 
Problem-Solving 

Christos Vonapartis Kosmidis and Nikos Lambrinos 

Abstract Maps are unique in making symbolic representations accessible even for 
very young students. The reason for this might be the affinity of the interaction with 
geospatial representations to direct spatial experiences with physical objects in the 
physical environment. Could this mean that these two types of interactions share 
additional common elements? Thus, it would be useful to find out if research find-
ings and theories on the perception of physical objects could be used in explaining 
children’s interaction with maps. One approach explaining the interaction with phys-
ical objects that could provide useful insights in this direction is the action-specific 
account of perception. In our chapter, we will describe the development of an online 
instrument with which we will attempt to identify if the action-specific account of 
perception can be applied in elementary students’ problem-solving using geospatial 
representations. 

Keywords Geospatial problem-solving · Action-specific account of perception ·
Geography education · Online instrument 

Introduction 

Abstract scientific representations can be used successfully by learners when they 
have reached the formal operational stage (Moore and Slisko 2017; Dickerson et al. 
2007; Goodstein and Howe 1978). On the other hand, preschool and early elementary 
schoolchildren can use maps to complete simple tasks (Uttal et al. 2006; Huttenlocher 
et al. 2008; Yuan et al. 2017; Salsa et al. 2019). This early accessibility of maps for
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younger learners may be a result of the primacy of the spatial experience, the fact that 
children make sense of the world spatially and through their personal geographies, 
and the familiarity with representational means used in maps, (i.e., the schematization 
of an aerial view) (Davies and Uttal 2007; Kosmidis and Lambrinos 2018; Catling 
2020). 

Could this uniqueness of maps as a symbolic representation and the association 
of maps with direct physical perceptual experiences mean that there are greater 
similarities between perceptual processes performed when interacting with maps 
and when interacting with physical objects? Could we then apply research findings 
and theories on the perception of physical objects in the interaction with maps? If 
this is the case, we could use this knowledge to enhance and support problem-solving 
using maps in school education. 

To examine this possibility, we developed an online geospatial problem-solving 
instrument. The instrument is based on the action-specific perception account 
that is mostly applied in interacting with physical objects. In our instrument, we 
apply the action-specific perception account in problem-solving using geospatial 
representations. 

The instrument is online and uses a dynamic website. This allows the dynamic 
and automatic switching of images and tasks and the effective collection of data. An 
additional advantage of the online nature of the instrument is to face the multiple 
challenges that the scientific community faces to conduct research during periods 
like the COVID-19 pandemic, in which access to schools and other institutions was 
restricted. 

In our chapter, we first describe the action-specific perception account and its 
experimental applications. We outline how we used the processes and assumptions 
of the action-specific account in our instrument to test its application in elemen-
tary students’ geospatial problem-solving. We describe the selection of the spatial 
thinking components addressed in the instrument and how they were addressed in 
the instrument’s tasks. We continue with the technical analysis of the instruments 
and explain how we used various programming tools for user interface, backend, and 
frontend development and how graphic design tools were used for the creation of the 
representations used in the instrument. Finally, we will describe the pilot testing of 
the instrument and how we will proceed with its application. 

The Action-Specific Perception Account 

The action-specific perception account proposes that the perception of the envi-
ronment is affected by the perceiver’s ability to act (Philbeck and Witt 2015). For 
example, wearing a heavy backpack affects the perceived steepness of a hill (Bhalla 
and Proffitt 1999; Latin et al. 2019), a batter’s hitting skills in softball affect the 
perceived size of a softball (Witt and Proffitt 2005) and the perceived speed of a 
tennis ball is affected by the player’s ability to return the ball (Witt and Sugovic 
2010). In these experiments, the effective completion of the task was accompanied
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by perceptual processes that facilitated it. In the tennis experiments, the players 
judged the ball to be moving faster when they hit the ball out-of-bounds than on 
trials where they successfully hit the ball in-bounds in which they judged the ball to 
move slower. Obviously, the action-specific perception account shares many common 
elements with Gibson’s Affordance Theory. The affordance theory states that the 
subject perceives the environment through the opportunities for action (affordances) 
it provides. The subject and the environment construct a unified dynamic system, in 
which the mind is not a passive information collector but shapes a dynamic reality 
through perception (Gibson 1979; Chemero 2011). 

These perception theories are based on experiments with physical objects and 
environments. Based on our previous argumentation, it would be useful to find out 
if this research and findings could provide useful insights into the interaction with 
symbolic representations and more specifically maps. If the action-specific percep-
tion account could be applied to these types of symbolic representations, we would 
get useful insights that would help us understand how students of various problem-
solving skills perceive them. These insights would help differentiate the resources 
we use depending on the student’s skills making them more accessible and adaptable. 

The Instrument 

In our chapter, we will describe the development of an online instrument. The online 
instrument presented attempts to identify if the action-specific account of perception 
can be applied when elementary students solve problems using geospatial representa-
tions. The action-specific perception account proposes that the perception of the envi-
ronment is affected by the perceiver’s ability to act (Witt and Riley 2014). Through 
the application of our instrument, we will investigate if the level of complexity that 
5th and 6th graders perceive geospatial representations is affected by their ability to 
solve a problem using them. 

In the instrument, eight spatial thinking components are represented in 12 
problem-solving questions using age-appropriate geospatial representations. Each 
problem-solving question is accompanied by a task in which we identify the level 
of complexity the learner perceives relevant representations. As shown in Fig. 1 on 
the first page of the question, the geospatial representation used is projected for two 
seconds. On the second page of the question, students are asked to select the repre-
sentation they believe they saw on the first page which is not projected anymore. 
Each representation on the second page is based on the one presented on the ques-
tion’s first page, but they are characterized by different levels of complexity. Finally, 
on the problem’s third page, a problem using the representation of the first page is 
presented, and students select the correct answer.
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Fig. 1 The sequence followed in each question of the instrument
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Spatial Thinking Components 

The instrument we were developing was going to assess problem-solving using 
geospatial representations. Our priority was not to focus on the student’s knowl-
edge of maps and mastery of geographical information but on their problem-solving 
skills in a geographical context. Problem-solving in this case would be an expres-
sion of their spatial thinking skills. When discussing spatial thinking assessment, we 
usually think of the well-known paper and pencil, psychometric, and spatial ability 
tests (Harle and Towns 2011). These tests usually don’t use a geographical context 
and focus on spatial visualization and spatial orientation. 

Problem-solving is a broader activity that uses a larger number of elements and a 
combination of processes. Freksa et al. (2017) describe spatial problems as a question 
about a spatial layout or the construction of a spatial layout, with specific proper-
ties based on the original. Some actions that may accompany the solution of such 
problems are:

• Rotation, the circular movement of an object around a given position.
• Movement from one position to another.
• Deformation of objects.
• Separation of objects into parts.
• Assembling objects.
• Combined actions like rotating around a moving position. 

These actions are quite general and help us categorize the various applications 
of spatial problem-solving in various fields. On the other hand, it’s challenging to 
relate them to actual problem-solving activities in a geographical educational context. 
Geospatial problem-solving is an expression of spatial thinking in a geographic 
context. The alternating use of terms like spatial intelligence, spatial ability, spatial 
skills, and spatial thinking can lead to confusion. 

The National Research Council & Geographical Sciences Committee in Learning 
to think Spatially (2005) presented a list of spatial thinking components that are 
typical in geosciences. These components included describing the shape of an object, 
identifying or classifying an object by its shape, attributing meaning to the shape 
of a natural object, recognizing a shape among a noisy background, visualizing 
a three-dimensional object based on one or two-dimensional observations, using a 
coordinate system to describe the position and orientation of objects in the real world, 
remembering the location and appearance of an object, envisioning the motion of 
objects through space in three dimensions, envisioning the shape change of objects, 
using spatial thinking to think about time and considering multidimensional systems 
with axes that are not distance. Although these spatial thinking components are 
typical in spatial thinking activities in geosciences they are usually used combined 
in problem-solving. This makes their assessment challenging, especially if we intend 
to use them in a problem-solving instrument.
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Gersmehl and Gersmehl (2007) and Golledge et al. (2008) suggest two spatial 
thinking taxonomies that share common elements and are useful in making connec-
tions to actual applications in geographic education in schools. Lee and Bednarz 
(2009) incorporated these spatial thinking components in the Spatial Thinking Ability 
test (STAT). They address eight spatial thinking components that are listed below:

• Comprehending orientation and direction
• Recognizing patterns in a map and representing them in a graphic form
• Selecting an ideal location based on the given spatial features
• Visualizing a slope profile based on a topographic map
• Identifying spatial correlations by comparing patterns featured in a set of maps
• Transforming representations and images from one dimension to another
• Understanding types of overlaying
• Comprehending of geographic features represented as points, lines, or polygons 

The clear connection between these spatial thinking components to actual educa-
tional geographic applications has allowed researchers to use STAT in many coun-
tries, age levels and types of interventions. The test has been validated by adminis-
tering it to junior high, high school, and university students, and although it has been 
used with Elementary students (Bednarz and Lee 2019), changes and adaptations 
had to be made to use these spatial thinking components in our instrument. 

Development of the Instrument 

The instrument includes 12 questions. Each question consists of two sub-questions. 
The first sub-question identifies the students’ perceived level of complexity of 
a specific geospatial representation and the second sub-question uses the same 
geospatial representation in a problem-solving activity. 

For the first sub-question, the initial representation is projected on the first page 
for 2 s. After this, three multiple-choice answers are projected. Each one of them is a 
representation based on the initial one, but they are characterized by different levels 
of complexity. The student selects which one she or he believes is identical to the 
one projected on the first page of the question. 

For the second sub-question, the user solves a geospatial problem. The STAT 
spatial thinking components were used for the development of these problems. 
Considering that the instrument would be used by 5th and 6th graders, we made some 
adaptations. The eight spatial thinking components were addressed in 12 instead of 
16 questions that were used in STAT (Table 1).

One more adaptation was required considering the geospatial representations 
used in the instrument. To assess problem-solving skills, we had to make sure that 
geographical knowledge and familiarity with the geospatial representations would 
not be the crucial factors in answering the questions. The instrument will be used by 
5th-grade and 6th-grade students in Thessaloniki, Greece. The types of representa-
tions selected were types of representations that are used in textbooks of the Greek
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Table 1 Description of spatial thinking components addressed in the instrument’s questions 

Question number Spatial thinking components to measure 

#1, #2 Comprehending orientation and direction 

#3 Recognizing patterns in a map and representing them in a graphic form 

#4 Selecting an ideal location based on the given spatial features 

#5 Visualizing a slope profile based on a topographic map 

#6, #7 Identifying spatial correlations by comparing patterns featured in a set of 
maps 

#8 Transforming representations and images from one dimension to another 

#9. #10 Understanding types of overlaying 

#11, #12 Comprehending geographic features represented as points, lines, or 
polygons 

Adapted from the Spatial Thinking Ability Test (Lee and Bednarz 2019)

Educational system in various subjects in grades one to four. Additionally, we tried 
to minimize the effect of geographical knowledge of places by using non-existing 
geographical areas or existing geographical areas with geographical information not 
related to the student’s personal experience, e.g., the precipitation map of Crete 
(Fig. 2).

Technical Analysis 

Design and User Interface 

To make this instrument as accessible as possible in any place at any time, there was 
the need to host it on a webpage and provide it to students. It was difficult to find the 
appropriate web tool that would suit our needs. The instrument can be characterized 
as a quiz with several questions. Each question has two sub-questions: in the first, an 
image is projected for a specific time and then a multiple-choice question is answered. 
It became a challenge to find these applications in the available quizzes on the web. 
We researched resources that were part of Learning Management Systems (LMS) 
like Moodle or a number of standalone quizzes/surveys but even if there were some 
interesting approaches, there was no available management system that we could 
use to customize it to our needs. The applications that were not supported were 
timed transitions and/or the use of images and charts for multiple-choice answers. 
Therefore, it was decided to design and develop a custom webpage from scratch that 
will host our instrument. At the beginning of the design process, it was decided that 
this webpage should be a dynamic webpage, where questions, answers, timings, etc., 
could be stored in a database and could be used dynamically. This way, the content 
could be easily updated.
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Fig. 2 A sample of three questions from the instrument. The first two slides in each example present 
the first sub-questions that identify the level of perceived complexity. The third slide presents 
the problem-solving question. The spatial thinking components addressed in each example are: 
a comprehending orientation and direction; b visualizing a slope profile based on a topographic 
map; and c transforming representations and images from one dimension to another

Before δεσψριβινγ the functional details of the instrument, there was a major 
priority: to design the access process of the webpage and to manage students’ data. 
It was decided that this webpage, and more particularly the participation in the 
quiz, would not be accessible to anyone via URL. It was going to be a two-level 
authorization: each school will have a specific password, to access the instrument 
and each student at this school will have her or his own password in order to start 
using it. Both levels will be communicated to the relevant school in a secure way. 
Concerning students’ data, we do not store any kind of sensitive data, because this 
quiz is anonymous and the mentioned students’ passwords are the needed information 
for a particular student to be a unique user of our system. Any other data that are 
referring to the quiz, like the student’s answers, are stored in a database for further 
statistical analysis. 

In the process of designing the instrument’s user interface (UI), it was decided that 
since the instrument’s content is mostly colorful images, maps, etc., it was necessary 
to have a clear, minimalistic environment. The student should not be distracted by 
any kind of “visual noise” and be fully focused on the provided task. Also, all kinds of 
animations on this web page (by animations we describe any kind of frame swapping, 
either from one question to another or from one sub-question to another) will take
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place instantaneously, without fading modes or delays, to achieve the maximum 
student’s focus on the task. 

We will analyze the frontend and backend development and the tools that were 
used to develop the instrument. 

Frontend Development 

Frontend development includes any code development that needs to be written, for 
the web page to have a specific appearance. It indicates the visual structure of the 
instrument: the background colors and borders, the positions of the dynamic content, 
the animations of the pages, etc. It was developed in HTML and CSS. Basically it is a 
single-page website, where through HTML a specific division renders all the content 
of the quiz. Part of the HTML code that highlights the specific part of the webpage 
where all content appears (the div with the class named container), is presented 
below: 

<div class="container"> 
<div class="row"> 

<div class="col-md-12"> 
<div id="wrapper"> 
<div class="jumbotron text-center"> 

<a id="start" class="btn btn-primary btn-lg" href="#" 
role="button" onclick="">Start!</a> 

</div> 
<div class="row justify-content-md-center" id="subwrapper"> 
</div> 
</div> 
</div> 

</div> 
</div> 

All background colors, letter font sizes and color of the buttons, borders and 
positions of the images are defined through CSS and the code is presented below: 

body { 
background-color: #CDCEDA; 
font-family: Arial, sans-serif !important; 

} 

#subwrapper { 
background-color: #eeeeee; 
border-radius: 30px; 
padding: 2% 2% 5% 2%; 

} 

.answer-button, .answer-button-main-options {
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cursor: pointer; 
} 

.answer-button:hover, .answer-button-main:hover { 
border: 1px #000000; 

} 

.imageContent { 
display: flex; 
justify-content: center; 
padding-top: 1%; 
margin: 0px auto; 

} 

The design of the webpage as a template have been set through HTML and CSS 
and the transitions of the images and questions are pending implementation. All those 
kinds of animations were implemented using JavaScript and JQuery. The part of the 
JavaScript code that is presented below actually shows how a question, image, and 
answers from the first sub-question load in a specific position and how it transitions 
to the next sub-question or if there is no question left, to the end of the quiz: 

loadMainQuestion: function (){ 
clearInterval(timer); 
timer = setInterval(game.countdown,1000); 
//$(’#subwrapper’).html(’<div class="col-md-12 progress"> 

<div id="counter3" class="progress-bar" role="progressbar" 
aria-valuemin="0"></div></div>’); 

$(’#subwrapper’).html(’<div class="col-md-12 imageCon-
tent" style="max-height: 250px;"><img src="assets/img/ 
’+game.questions[game.currentQuestion].image+’"/></div>’); 

$(’#subwrapper’).append(’<h5 class="col-md-12 text-
center">’+game.questions[game.currentQuestion].question+’</ 
h5>’); 
for(var i=0; i<game.questions[game.currentQuestion].answers.length; 

i++){ 
$(’#subwrapper’).append(’<div class="col-md-6 imageCon-

tent" style="max-height:120px;"><img class="answer-button" 
id="’+game.questions[game.currentQuestion].answersIds[i]+’" 
data-name="’+game.questions[game.currentQuestion].questionId+’" 
src="assets/img/’+game.questions[game.currentQuestion].answers[i]+’" 
/></div>’); 

} 
}, 

nextQuestion: function(){ 
game.counter=120+1; 
game.counterMain=4+1; 
game.counterMainOptions=4+1; 
game.counterMainQuestion=30+1; 
game.currentQuestion++;
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if (game.questions[game.currentQuestion].questionId == 27 || 
game.questions[game.currentQuestion].questionId == 31) { 

game.loadMainQuestion(); 
} else { 

game.loadIntro(); 
} 

}, 
timeUp: function(){ 

clearInterval(timer); 
//game.unanswered++; 

$(’#subwrapper’).html(’<h2>O χρóνoς τελείωσε! Aναμšνετε για τoν 
επóμενo γv́ρo ερωτήσεων<h2>’); 

if(game.currentQuestion === game.questions.length-1){ 
setTimeout(game.results,3*1000); 

} else{ 
setTimeout(game.nextQuestion,3*1000); 

} 

Backend Development 

The backend development was separated into three tasks: the authorization process, 
the dynamic data needed to render the instrument, and the students’ data storage. 

Concerning the authorization, a service was developed that could generate endless 
random passwords that were then encrypted and stored in the database for each 
school and each student. A method was created that its core is based on providing 
a list of available legit characters and choosing as many times as the user wants 
(this is actually the length of the password). Using a PHP function that generates 
cryptographically secure pseudo-random integers, we can indicate the position of 
the characters in a random way. When the length of the password is defined, then 
the password is encrypted, and it is provided for any use. When the school has its 
own password, the webpage is accessible to them, and a list of available student slots 
(with their own individual passwords) is ready for students to use in order to start 
using the instrument. When a student is logged in via a slot, this slot is locked, and 
no other student can use this slot. 

Concerning the instrument and student data, we designed the following models 
in the database, and codebase too: 

1. Quiz: We can create multiple quizzes that can be available to any school. “Quiz” 
has a unique id and title. 

2. Questions: Each quiz can have multiple questions. A question has a unique id, 
the quiz id that is related to, the text, the type that indicates in which sub-question 
we are, the image URL, and the order it appears in the question. 

3. Answers: Each question can have multiple answers. An answer has a unique 
id, the question id that is related to it, and an image URL. All answers in the 
instrument are provided as images because most of the answers are graphs, maps, 
and images.
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4. School: In this entity, we keep the name of the school, an id, and its encrypted 
password. 

5. User: The “user” is actually the student slot that we described above, where a 
school id and an encrypted password are connected. 

6. User Answers: Finally, in the last entity we keep the most important data for our 
research, students’ answers. A user answer includes a unique id, user id, question 
id, answer id, and the date that this question was answered. 

The codebase was written in PHP using Object Oriented Programming and more 
particularly MVC (Model View Controller) programming. Data was stored and 
managed through MYSQL. Part of the code for this section that shows how PHP 
is connected to MySQL is presented below: 

private function userExists($userId) { 
try { 

$SQL = "SELECT COUNT(*) FROM user WHERE id =". $userId; 
$result = $this->connect()->prepare($SQL); 
$result->execute(); 
return ($result->rowCount() > 0); 

} catch (Exception $e) { 
die(’Error QuizConstroller(user) ’.$e->getMessage()); 

} finally{ 
$result = null; 

} 
} 

public function saveUserAnswers($data) { 
if ($this->userExists($data[’user_id’]) && $this-

>answerExistsInQuiz($data[’question_id’], $data[’quiz_id’])) 
{ 

return $this->saveUserQuizData($data); 
} 
return false; 

} 

Additional Tools 

During the process of designing, developing, and delivering the instrument hosted 
on a webpage, additional tools were used. For the user interface, all templates of 
the webpage, as well as all figures, images, and maps that are used as content in 
the instrument were designed from scratch using Affinity Designer and Blender. The 
code development that includes frontend and backend development was implemented 
using NetBeans as an integrated development environment (IDE). For our database, 
we used PhpMyAdmin. PhpMyAdmin is a user-friendly environment in which, by 
using MYSQL, we can manage all kinds of data that are stored in the database.
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For content management and hosting, we used Parallel Plesk a useful environment 
that handles the server settings that the webpage is going to be hosted, the code files, 
the content, and the database (Table 2). 

Pilot Testing 
The online instrument was administered to fourteen 5th and 6th grade students from 
Thessaloniki, Greece. Students understood what they had to do when they accessed 
the instrument. All of them managed to complete the test earlier than the time they 
had available (45 min). All answers were collected and stored in the database. Two 
students needed to restart the test. The problem that occurred was that multiple 
answers were stored for single questions when students clicked on their selected 
answer multiple times and the instrument crashed. The problem was solved by 
allowing only one answer for each question. 

Comments and Next Steps 
The online and interactive nature of the instrument allowed us to define the setting of 
our investigation in detail, having a timed interchange of tasks, using various types 
of representations, and making data collection possible. 

During the COVID-19 pandemic, researchers faced multiple challenges that led 
to the postponement of data collection, an adaptation of the research goals, and the 
following of emergency institutional guidelines (Santana et al. 2021). These compro-
mises can lead to an overall degradation of the research process (Reichertz 2021). Our 
instrument makes the continuation of our research possible even during challenging 
periods when restrictions are imposed on free movement and accessibility. 

So far, we presented how we developed our instrument and how we overcame 
the challenges we faced. At the next stage, the online instrument will be completed 
by approximately 600 students from 20 elementary schools in Thessaloniki, Greece. 
The schools have been selected through a stratified nested sampling method which 
ensures the participation of students from all municipalities and diverse socioeco-
nomic backgrounds. The statistical analysis of the results will indicate if there is a 
dependence between the level of complexity students perceive in geospatial repre-
sentations and effective problem-solving for specific spatial thinking components 
when using these representations.

Table 2 The various programming and graphic design tools used for the development of the 
instrument 

Programming languages Frontend: HTML, CSS and JQuery 

Backend: PHP 

Graphic design software Affinity Designer, Blender 

Database MySQL 

Database management PHPMyAdmin 

Integrated development environment Netbeans 
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A Spatial Knowledge Infrastructure 
for the Aegean Archipelago 

Vasilis Kopsachilis , Nikos Vachtsavanis, and Michail Vaitis 

Abstract The international geospatial data community has long ago recognized 
the importance of open data and their contribution to SDGs and has a solid tradi-
tion in promoting geographic data sharing and interoperability and the operation 
of Spatial Data Infrastructures. Current technological advances in the field of the 
semantic web allow the enrichment of data with semantic interpretation capabilities 
that would lead to increased interoperability among data from different providers and 
advanced possibilities for the generation of new knowledge. In this fashion, the recent 
concept of Spatial Knowledge Infrastructures aims to upgrade traditional Spatial 
Data Infrastructures by the exploitation of semantic web technologies. Accordingly, 
the University of the Aegean develops services for spatial data semantic annotation 
and enrichment, integration with data from third-party sources, and semantic data 
management, querying, and visualization. These efforts aim to the implementation 
of a public Spatial Knowledge Infrastructure for the Aegean Archipelago, acces-
sible by anyone in order to exploit its content for developing services and exporting 
spatial knowledge of added value. This paper presents our motives for the adoption 
of semantic web technologies, the technical components of the Spatial Knowledge 
Infrastructure, and our so far experience, including examples of the exploitation of 
the produced spatial knowledge. 
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Introduction 

The provision of high-quality open data to professionals and to the public has 
been recognized as an important factor for promoting, among others, transparency 
and democratic control, social participation and self-empowerment, innovation and 
economic growth, and environmental protection.1 These benefits are aligned with 
the Sustainable Development Goals (SDGs) defined by the United Nations.2 The 
international geospatial data community has recognized the value of open data long 
ago and related organizations, such as the Open Geospatial Consortium (OGC), have 
a solid tradition for promoting geographical data sharing. To this end, since the 90s, 
technical standards have been developed for data interoperability and proposing the 
implementation of data dissemination information systems, such as Spatial Data 
Infrastructures (SDI) (Nebert 2004). SDIs are defined as “a coordinated series of 
arrangements on technology standards, institutional arrangements and policies that 
enable the discovery and use of geospatial information by users and for purposes 
other than those it was created for” (Kuhn 2005). During these years, the opera-
tion of public SDIs at the local, national, and regional levels of governance and the 
adoption of related initiatives, such as the INSPIRE directive,3 has been proven as 
an important tool for the opening and sharing of previously closed and unknown 
geographical spatial datasets that eventually allows the exploitation of data by the 
interested parties and consequently the provision of added-value services and prod-
ucts in accordance with the SDGs. An important contribution of SDIs toward data 
sharing was the adoption of common technical infrastructures and standards for the 
representation and dissemination of geographical data over the web, such as the 
GML representation format and the WMS specification that managed to reduce the 
syntactic heterogeneity among different data sources (Brodeur 2022). 

At the same time, advances in internet technologies, and specifically the emer-
gence of ontologies and the Semantic Web, aim to deal with the semantic hetero-
geneity of the data on the web. The term Semantic Web originates from the vision of 
Tim Berners-Lee of a web space where data will be enriched with semantic interpre-
tation so as to be understandable and processable by humans as well as by software 
(Berners-Lee et al. 2001). The related term Linked Data refers to a set of technical 
principles that guides the realization of the Semantic Web as a global web of inter-
connected data or entities (Berners-Lee 2006). The benefits of such developments 
include increased interoperability among data from different providers, easier data 
integration from multiple sources, advanced querying capabilities, and possibilities 
for automated reasoning for the generation of new knowledge. 

The characteristics of geographical data and Semantic Web technologies provide 
the ground for a powerful integration that could unleash new opportunities for the 
common good and provide benefits for each other. On the one hand, the embedded 
geometries in geographical objects and their topological relationships can fuel the

1 Open Knowledge Foundation, Open Data Handbook, https://opendatahandbook.org. 
2 United Nations, The 17 Goals, https://sdgs.un.org/goals. 
3 European Commission, INSPIRE Directive, https://inspire.ec.europa.eu/inspire-directive/2. 
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derivation of semantic classifications and inferences. Not surprisingly, geograph-
ical distance is a factor that is commonly considered to determine whether two 
objects are semantically related or not (Ngonga Ngomo 2012; Kopsachilis et al. 
2020). Establishing such semantic relations between data is the flesh of the semantic 
web that greatly facilitates data integration from multiple sources and the discovery 
of new knowledge that could eventually lead to more informed decision-making. 
On the other hand, the Semantic Web provides the technological background that 
could offer advanced exploitation capabilities on geographical data and solutions 
for overcoming the limitations of current SDIs. To this end, the representation of 
geographical data with shared and common semantic models can reduce semantic 
heterogeneity and therefore facilitate, or even automate, the integration of geograph-
ical data that resides in different databases and SDIs, for the provision of enriched 
spatial information. Moreover, it will enable the development of services that will 
operate not only at the dataset level, that currently SDIs offer with regards to docu-
mentation, search and view, but also at the “richer” geographical object level. Finally, 
the adoption of Semantic Web technologies by SDIs will permit the formulation of 
advanced queries capable of merging results from multiple sources and the appli-
cation of automated reasoning techniques on geographical data for the generation 
of new spatial knowledge, which in traditional SDIs requires manual discovery, 
download, restructure, fusion, and analysis of data. In this fashion, recently it was 
proposed the transition from the traditional concept of spatial data infrastructures 
to the emerging concept of spatial knowledge infrastructures (SKI) (Ivánová et al. 
2020), where geographical data are integrated with Semantic Web technologies in 
a manner that constitutes “a network of data analytics, expertise and policies that 
assist people, whether individually or in collaboration, to integrate real-time spatial 
knowledge into everyday decision-making and problem-solving” (Duckham et al. 
2017). In essence, SKI content is integrated and harmonized into the Semantic Web, 
which now forms the primary public source of data, on top of which applications 
and services can be deployed by anyone to offer targeted knowledge to end-users 
(Arnold et al. 2019). 

This paper describes the efforts of the University of the Aegean for the integration 
of its geographical data with the Semantic Web technologies and the development of 
a Spatial Knowledge Infrastructure for the Aegean Archipelago. The University of 
the Aegean produces and gathers an important amount of high-quality spatial data 
for the Aegean Sea and the wider area of Greece, in the course of its teaching and 
research activities. During the last years it has developed and maintains web-based 
geographical information systems, such as the University of the Aegean Spatial Data 
Infrastructure,4 the Documentation Systems for Islands and the Greek Islands Atlas,5 

and the Environmental Risk Management Information System—Floods Geoportal

4 The University of the Aegean Spatial Data Infrastructure, https://sdi.aegean.gr. 
5 Documentation Systems for Islands, http://archipelago.aegean.gr. 

https://sdi.aegean.gr
http://archipelago.aegean.gr
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ERMIS-F6 for the provision of regional geographical data to the research commu-
nity, to public and private organizations, and to the public. Currently, the Univer-
sity of the Aegean researches the opportunities that arise from the integration of 
SDIs with Semantic Web technologies for the dissemination of its geographical 
data. To this end, it annotates and enriches its geographical data with semantic infor-
mation, publishes them on the Semantic Web, and develops tools and services for 
geo-semantic data querying, searching and viewing. The above actions are designed 
to be part of a Spatial Knowledge Infrastructure for the Aegean Archipelago that 
will operate as a public geographical information exploitation and extraction hub 
and offer upgraded data dissemination services. The integration and management of 
semantic web geospatial data, and particularly the development of SKIs, are currently 
open issues with a lot of unexplored aspects and challenges, including data modeling 
and architectural decisions, and geo-semantic data exploitation potential. This work 
contributes by presenting the possibilities that arise from the integration of geospatial 
data and semantic web technologies and by purposing a functional implementation 
of such integration. 

The rest of the chapter is organized as follows: Section “Background” provides a 
short introduction to Semantic Web technologies and their benefits and presents the 
related work in the domain of geographical data and semantic web integration with a 
particular focus on SDIs. Section “Spatial Knowledge Infrastructure for the Aegean 
Archipelago” presents the components of the University of the Aegean SKI. Section 
“Discussion” highlights the technical challenges and potential uses of SKIs services 
and content. The chapter concludes with a summary and pointers for future work. 

Background 

Semantic Web Technologies 

This section provides a short introduction to the basic Semantic Web technologies 
in order to shed light on the paradigm shift and the new opportunities that it brings. 
The Semantic Web can be deemed as an extension of the traditional web, in which 
information is given well-defined meaning so as to be understandable and process-
able by humans and software as well (Berners-Lee et al. 2001). A major differ-
ence between the traditional web and the Semantic Web is that the former is built 
on linking web pages (web of documents) and the latter on linking resources that 
describe specific entities (web of data). Semantic entities may correspond to real-
world objects (e.g., a specific city, such as Athens, or a specific person, such as Nelson 
Mandela) or concepts (e.g., the concept of City or Person), uniquely identified by 
URIs7 and described by structured and well-defined terms. The technological base

6 Information Risk Management Information System - Floods ERMIS-F, https://ermis-f.eu. 
7 URI (Uniform Resource Identifier) is a way for uniquely identifying web resources. In the 
traditional web is used for the unique identification of web pages. 

https://ermis-f.eu


A Spatial Knowledge Infrastructure for the Aegean Archipelago 39

Fig. 1 RDF triples example 

of the Semantic Web is the RDF (Resource Description Framework), a graph-based 
model for describing the semantic resources in the form of triples (subject—predi-
cate—object) (W3C 2014a). For example, the URI http://example.org/Athens may 
correspond and identify uniquely an RDF resource that refers to the entity of the city 
of Athens. In the RDF, whoever wants to refer to the city of Athens can use the above 
URI and conversely, whoever uses the above URI says something about the city of 
Athens. 

An RDF triple makes use of URIs to make a statement. For example, the first 
triple in Fig. 1 contains in the subject position the URI of the resourcehttp://exa 
mple.org/Athens, in the predicate position the URI of the resource http://example. 
org/CapitalOf, and in the object, position the URI of the resource http://example.org/ 
Greece that can be interpreted as a statement that Athens is the capital of Greece. 
Similarly, the statement of the second triple can be interpreted that the population 
of Athens is 3.167.000. We note that in RDF the use of literals (i.e., alphanumerical 
values such as strings, numbers, or dates) is possible but only in the object position 
of a triple. Usually, RDF resources are dereferenceable, which means that by visiting 
a URI someone gets more information about the resource that corresponds to this 
URI or, in other words, gets access to all triples that describe the resource. Therefore, 
navigation in the Semantic Web is possible by visiting recurrently the URIs that the 
user discovers. For example, a user may visit the URI of the Athens entity and via this 
URI navigate to the URI http://example.org/Greece in order to get more information 
about the entity of Greece. 

In the above examples, we interpreted the triples based on our own subjective 
perception about the possible meaning of the resources. However, in the Semantic 
Web, the resources are assigned with specific semantics in a structured way through 
statements that model the world or a domain of interest, that is, through ontolo-
gies. Ontologies are developed by (re-) using RDF resources that were assigned 
with explicit meaning with the use of ontology development languages, such as the 
RDFS (Resource Description Framework Schema) (W3C 2014b) and the OWL (Web 
Ontology Language) (W3C 2012). These resources define categories (classes) and 
properties (predicates) and restrictions on them. Therefore, an ontology may define a 
resource that corresponds to the class “City”, state that the resource “Athens” belongs 
to (is an instance of) the class “City”, define another resource that corresponds to the 
property “CapitalOf”, and restrict the use of the property in triples where the subject 
resource is an instance of the class “City”. 

One of the most important RDF resources for the development of ontologies is 
the predicate http://www.w3.org/1999/02/22-rdf-syntax-ns#type (in short rdf:type), 
which denotes that a resource is an instance of a class. Figure 2 shows some examples

http://example.org/Athens
http://example.org/Athens
http://example.org/Athens
http://example.org/CapitalOf
http://example.org/CapitalOf
http://example.org/Greece
http://example.org/Greece
http://example.org/Greece
http://www.w3.org/1999/02/22-rdf-syntax-ns#type
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Fig. 2 Usage example of the rdf:type predicate 

of the use of the rdf:type predicate. The first triple denotes that the resource http:// 
example.org/City is an instance of the RDFS class Class (i.e., is a class); the second 
that the resource http://example.org/Athens is an instance of the class http://example. 
org/City (i.e., is a city), and the third triple that the resource http://example.org/Cap 
italOf is an instance of the RDFS class Property (i.e., is a predicate). 

Two more important terms for the development of ontologies are the RDFS pred-
icates rdfs:domain and rdfs:range, which apply restrictions on predicates, that is 
they restrict the use of predicates with instances of specific classes. The rdfs:domain 
defines that only members of specific classes may be used in the subject position of 
triples with a specific predicate, while the rdfs:range defines that only members of 
specific classes may be used in the object position of triples with a specific predicate. 
For example, the rdfs:domain restriction may be applied for the predicate CapitalOf 
to define that only instances of the City class can be used as subjects of the predi-
cate, and the rdfs:range may be applied for the same predicate to denote that only 
members of the Country class can be used as objects of the predicate. Such kinds of 
restrictions are fundamental for the assignment of semantics to resources and for the 
application of reasoning techniques that infer implicit knowledge based on explicit 
statements. Therefore, we can not only explicitly describe a resource (e.g., Athens 
is the capital of Greece, as we stated in Fig. 1), but we can also infer implicit knowl-
edge from existing statements (e.g., since we stated that the object of the CapitalOf 
predicate is a country, then Greece must be a country). The above basic terms for 
ontology development, that is, rdf:type, rdfs:domain, and rdfs:range, are presented 
just for indicative reasons and represent only a small subset of the available terms 
and capabilities provided by the RDFS and OWL. 

Regarding geographical information, it can be assigned with explicit semantics 
commonly understood by everyone, by reusing terms from geographical ontolo-
gies, such as the WGS 84 Basic Geo8 and the GeoSPARQL.9 These ontologies 
define classes and predicates for expressing the geometries of geographic objects. 
For instance, WGS84 Basic Geo is a simple ontology that provides the long and lat 
predicates for representing the longitude and the latitude of a point geometry in the 
WGS84 reference system (Fig. 3). GeoSPARQL is a more powerful ontology that 
allows the representation of all types of geometries in various Coordinate Reference 
Systems.

8 W3C Semantic Web Interest Group, Basic Geo Vocabulary, https://www.w3.org/2003/01/geo/. 
9 Open Geospatial Consortium, GeoSPARQL—A Geographic Query Language for RDF Data, 
https://www.ogc.org/standards/geosparql. 

http://example.org/City
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http://example.org/Athens
http://example.org/City
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http://example.org/CapitalOf
http://example.org/CapitalOf
https://www.w3.org/2003/01/geo/
https://www.ogc.org/standards/geosparql
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Fig. 3 Usage example the WGS 84 basic geo-ontology 

The term Linked Data was introduced by Berners-Lee in 2006 to describe a set 
of principles for publishing data to the Semantic Web (Berners-Lee 2006). These 
principles are: 

1. Use URIs as names for things. 
2. Use HTTP URIs so that people can look up those names. 
3. When someone looks up a URI, provide useful information, using the standards 

(RDF). 
4. Include links to other URIs so that they can discover more things. 

The adoption of these principles will result in the realization of a Web of Data; 
a global and open data space on the web comprised of commonly understood and 
interlinked entities. This technological base will increase the semantic interoper-
ability between data and applications, facilitate the integration and enrichment of 
data from different sources based on their shared semantics, permit the formulation 
of advanced queries that gather results from multiple sources, and finally, allow the 
application of reasoning techniques for the generation of new knowledge. 

Semantic Web Technologies and Spatial Data Infrastructures 

The enrichment of geographical data with explicit conceptual models and of 
geographical systems with semantic capabilities toward addressing semantic inter-
operability impediments in data integration and in meaningful information provision 
is discussed for many years (Fonseca et al. 2002). There are works that recognize 
that the characteristics of Linked Data, such as easier interlinking and integration of 
data from multiple sources and the ability to perform reasoning, can benefit SDIs 
on many levels including increased resource availability, and improved data access 
and description (Diaz et al. 2012). In the early days of the Semantic Web, many 
works were researching the use of ontologies in Spatial Data Infrastructures (Lutz 
2005; Lutz and Klien 2006; Vaccari et al. 2009; Li et al.  2011). These works were 
proposing ontologies and concept-matching techniques for improving the geographic 
web services discovery (Lutz 2005; Lutz and Klien 2006) or achieving harmoniza-
tion between remote SDIs (Vaccari et al. 2009; Li et al.  2011). Moreover, they were 
proposing novel architectural models and components for extending SDIs to support 
these semantic capabilities. Later, the focus shifted from the application of ontolo-
gies to the use of Linked Data principles to SDIs (Schade et al. 2010; Janowicz 
et al. 2010). Many works proposed semantically enabled extensions for the tradi-
tional OGC services used in SDIs, such as WFS, CSW, or SOS. For example, some
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works proposed a semantic enablement layer for SDI that extends OGC services 
with semantic capabilities (Janowicz et al. 2010), others, proposed solutions to 
convert WFS formats to Linked Data (Hietanen et al. 2016), and others focused 
on semantically enabled services that perform spatial data fusion for addressing the 
data integration from multiple sources problem (Wiemann and Bernard 2016). 

Many countries chose a different path for adding semantic capabilities to their 
datasets by adopting or implementing Linked Data technology stacks, in parallel 
or on top of Spatial Data Infrastructures. The national mapping agency of Great 
Britain, OrdanceSurvey, was a pioneer in disseminating administrative boundaries 
as Linked Data (Goodwin et al. 2008). Nevertheless, it did not rely on standardized 
means for representing features, spatial relations, and geometries, and as a result, it 
lacked (re)usability. Other countries that expose national datasets as Linked Data, 
such as administrative units, geographical names, and statistical datasets, are Ireland 
(Debruyne et al. 2017), Spain (De León et al. 2010), and Australia (Car et al. 2019). 
In a recent study (Ronzhin et al. 2019), the efforts of four countries, namely, Finland, 
Norway, Spain, and Nederlands, are presented toward the annotation and publica-
tion of Linked Data as a means to overcome spatial data integration issues across 
national borders that are present in European national SDIs. The authors claim that 
exposing national data as Linked Data makes them part of the Semantic Web, which 
allows shifting focus from collection and dissemination of data to meaningful data 
consumption. Currently, the Semantic Web is formed by interlinked resources that are 
residing in several data sources, including geographical data sources; an illustration 
of which is provided in LOD (Linked Open Data) cloud.10 

In a position study about the possibility of SDI and Linked Data integration 
(Schade and Smits 2012), the authors argue for the possible evolution of SDI to 
applications that incorporate spatial information with the broader knowledge realm 
and propose the openness of their use to a broader audience and not exclusively to 
GIS experts. In this fashion, the recent concept of Spatial Knowledge Infrastructure 
emerged and is associated with the enrichment of spatial data and applications with 
semantic capabilities to allow the provision of advanced spatial data management and 
knowledge extraction services to the interested parties (Ivánová 2020; Arnold et al. 
2019). The authors propose possible SKI architectures and components that incor-
porate semantic web technologies and extend traditional SDIs for overcoming the 
data integration from multiple sources and resource discovery problems and to allow 
for automatic processing and reasoning capabilities on spatial data. The proposed 
SKI concept shifts the focus from supply-driven to knowledge on-demand, from 
data access to knowledge discovery, from dataset-level to feature-level granularity, 
and from expert to non-expert systems. However, the research on SKIs is still at an 
early stage. In this work, we present the implementation steps and the challenges that 
the University of the Aegean faces toward the development of a Spatial Knowledge 
Infrastructure for the Aegean Archipelago.

10 The Linked Open Data Cloud, https://lod-cloud.net/. 

https://lod-cloud.net/
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Spatial Knowledge Infrastructure for the Aegean 
Archipelago 

The Spatial Knowledge Infrastructure (SKI) of the University of the Aegean is 
formed by a suite of tools and services for: (a) the conversion of spatial datasets 
to the RDF model (semantic annotation), (b) the publication of RDF data in the 
Semantic Web, (c) the execution of semantically enabled queries, and (d) the explo-
ration and the map projection of RDF data. The components of the SKI and their 
relations are depicted in Fig. 4. SKI content mainly consists of geographical data 
that originate from the geographical information systems, spatial databases, and 
SDIs that operate the University and are available in traditional GIS formats, such 
as ESRI Shapefiles and GeoJSON. The conversion of these spatial datasets to the 
RDF format, the assignment of URIs to geographical entities, and their semantic 
description using terms from ontologies is achieved through the semantic annotation 
application (RDF Converter). The generated RDF data are stored in a Triple store, 
which, on the one hand, makes them available to the Semantic Web and, on the other 
hand, allows the execution of queries on them. The above technological base makes 
SKIs content available to anyone and allows the development of applications that 
exploit its content. Examples of such applications are the RDF explorer for navi-
gating and searching RDF data and the webGIS for projecting RDF data on a map. 
In the following sections, the components of the SKI are described in detail. 

Semantic Annotation Application 

The semantic annotation application (RDF Converter) offers a user-friendly web 
interface for the conversion of vector spatial datasets in traditional GIS formats (e.g., 
ESRI Shapefile, GeoJSON, GML) to the RDF format. The application implements

Fig. 4 Overall architecture of the University of the Aegean SKI 
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a semi-automatic process that analyzes existing semantic knowledge for the recom-
mendation of annotation options but also permits users to intervene in the process by 
selecting specific classes, predicates, and URIs for the geographical entities. The 
highlights of the application are: (a) the inclusion of analytical capabilities that 
produce annotation recommendations based on existing semantic knowledge that 
minimizes the user involvement during the process, (b) the dynamic and incremental 
bottom-up building of the underlying ontology based on the spatial datasets at hand, 
and (c) the ability of the process execution by non-expert users in semantic web 
technologies. 

The semantic annotation process completes in four steps, as depicted in Fig. 5. 
Initially, the user selects the spatial dataset that wants to convert to RDF and uploads 
it to the web application (Fig. 5a). Then, the spatial dataset is analyzed, and the 
application recommends default conversion options that the user can verify or change 
(Fig. 5b). These options include the selection of: (a) the primary key of the spatial 
dataset, that is, the column that contains unique values for each geographical entity 
and will be used for the assignment of URIs to them, (b) the column(s) that contain 
a short description of the geographical entities and will be used as their labels, and 
(c) columns that contain “useful” information and therefore will be converted in 
RDF (e.g., if a column contains only null values or integer that refer to an unknown 
foreign key, it is not recommended for conversion). Moreover, this step generates 
and recommends metadata for the original spatial dataset, such as its title, creation 
date, creator, and source, that are useful for maintaining provenance information for 
the converted RDF data. In the third step (Fig. 5c), the application recommends an 
RDF class for the geographical entities of the spatial dataset and RDF predicates 
for the columns of the spatial dataset that will be converted to RDF. For both class 
and predicate recommendations, the application analyzes the content of the Triple 
Store (see section “Triple Store”) and recommends available classes and predicates 
that are suitable for the annotation of the spatial data. The selection of suitable 
classes and predicates is based on their textual similarity with the spatial dataset 
name and columns, respectively. In case no suitable recommendations are found or 
the recommendations do not satisfy the user, there are the options of selecting from 
the rest available classes and predicates of the Triple Store or of creating new classes 
and predicates that will be added to the Triple Store. Finally, the annotated RDF data 
are generated and comprised of triples that refer to: (a) the definition of associated 
classes and predicates, (b) the description of the geographical entities, and (c) the 
metadata about the original spatial dataset. Users can preview the RDF data and 
import them to the Triple Store or download them locally in an RDF file (Fig. 5d).

For the generation and assignment of URIs to RDF resources, the process adopts 
the following strategy. The resources that correspond to the ontology, that is, classes 
and predicates, use the namespace http://semantics.aegean.gr/ontology/. So, for 
example, a class that describes the concept of City is identified by the URI http:// 
semantics.aegean.gr/ontology/City. Accordingly, a predicate that denotes popula-
tion is identified by the URI http://semantics.aegean.gr/ontology/hasPopulation. The  
resources that refer to geographical entities use the namespace http://semantics.aeg 
ean.gr/resources/ and the URI of an entity is formed by the above namespace, its

http://semantics.aegean.gr/ontology/
http://semantics.aegean.gr/ontology/City
http://semantics.aegean.gr/ontology/City
http://semantics.aegean.gr/ontology/hasPopulation
http://semantics.aegean.gr/resources/
http://semantics.aegean.gr/resources/
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Fig. 5 Steps of semantic annotation in RDF converter: a Spatial dataset upload, b Dataset analysis, 
c Semantic annotation, and d Preview

Fig. 6 Example of semantic annotation in RDF converter 

class, and the value of the primary key. For example, the city of Athens is identified 
by the URI http://semantics.aegean.gr/resources/City_Athens. Finally, the resources 
that refer to the original spatial datasets use the namespace http://semantics.aegean. 
gr/metadata/. So, a dataset is identified by the above namespace and a randomly 
generated unique code e.g., http://semantics.aegean.gr/metadata/c7093d. Figure 6 
illustrates an example of generated triples that follow the above-described strategy 
and concern an entity about the city of Athens that was described in a Shapefile 
containing Cities. 

The semantic annotation application is heavily relying on the re-use of terms 
from well-known ontologies. The RDFS predicates rdf:type and rdfs:label are used 
for the declaration of entities’ membership to a class and for the assignment of 
their labels, respectively. The Dublin Core ontology11 is used for the description of 
the original spatial datasets metadata, such as the title, the creation date, and their 
spatial extent. The geometries of geographical entities are assigned according to the

11 Dublin Core, Ontology, https://www.dublincore.org/resources/glossary/ontology/. 

http://semantics.aegean.gr/resources/City_Athens
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GeoSPARQL ontology and specifically by the predicates hasGeometry and asWKT 
that represent the geometry and the Coordinate Reference System in Well Known 
Text (WKT) format. Point geometries are additionally expressed in the W3C Basic 
Geo-ontology. Since the majority of geometries on the Semantic Web are projected in 
the WGS84 reference system, the application, for compatibility reasons, maintains 
the geometries of the geographical entities both in their original and the WGS84 
reference system. 

The semantic annotation process was implemented as a Java API. The GeoTools 
and JTS libraries are used for spatial dataset parsing and geometric transformations. 
The Apache Jena framework is used for RDF modeling, for sending queries to the 
Triple Store, and for the import of the RDF data to the Triple Store. RDF Converter 
was implemented with the Java Servlets and JSP (Java Server Pages) and hosted in 
an Apache Tomcat which is served by an Ubuntu Virtual Machine, available at the 
link http://semantics.aegean.gr. The application provides user-friendly interfaces and 
targets users with at least an elementary knowledge of Semantic Web concepts and 
the content of the underlying Triple Store. Registered users can customize options, 
such as the URL of the default Triple Store and the base annotation URI. Therefore, 
the RDF Converter can be customized according to the user’s needs for generating 
RDF data with their own URIs and for storage in third-party Triple Stores. 

Triple Store 

Triple Store is responsible for the storage of the RDF data and their publication to 
the Semantic Web. In addition, it provides a SPARQL endpoint, i.e., an interface for 
the execution of SPARQL queries and the return of the responses over the HTTP 
protocol. SPARQL (SPARQL Protocol and RDF Query Language)12 is a powerful 
query language for RDF data. Its syntax is based on graph patterns and acts for RDF 
like SQL does for relational databases. The query interface of the Triple Store is 
depicted in Fig. 7, where users can formulate a SPARQL query (above) and get the 
results (below). In this simple example, the query asks for airports that are stored in 
the Triple Store and return the airports’ URI and their labels. However, the SPARQL 
protocol allows for more complex queries and provides advanced features, such 
as the execution of federated queries, that is, the simultaneous query on multiple 
endpoints, and the setting of inference rules for the generation of implicit knowledge. 
The software that was selected for the Triple Store is Fuseki, because is a mature and 
stable software that supports GeoSPARQL and the execution of spatial queries and 
spatial functions, such as distance, buffer, contains, intersection, etc.

12 W3C, SPARQL Query Language for RDF, https://www.w3.org/TR/rdf-sparql-query/. 

http://semantics.aegean.gr
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Fig. 7 Query interface of the Triple Store 

RDF Explorer 

RDF Explorer is a user-friendly web application that allows the navigation and search 
of RDF data without the need to formulate SPARQL queries. Specifically, users 
can explore classes, predicates, geographical entities, and original spatial datasets 
metadata that are available in the Triple Store. The list of classes in the RDF Explorer 
is illustrated in Fig. 8. Users can enter a text to search for a class and view the instances 
that belong to a class and the predicates that are related to a class. Similar functions 
are provided for the predicate, geographical entities, and spatial datasets lists. RDF 
Explorer is built on simple HTML pages and Javascript code for its communication 
with the Triple Store through SPARQL queries for the retrieval of the store’s content.

SemWebGIS 

SemWebGIS application allows the projection of the RDF entities on an interac-
tive map. The application combines the typical functionality provided by tradi-
tional webGIS applications with the capabilities of Semantic Web technologies. 
For instance, like traditional webGIS, where users can view the objects that belong
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Fig. 8 List of classes that are available in Triple Store in the Explorer Application

to a thematic layer on a map, SemWebGIS allows users to view on a map RDF 
geographical entities that belong to an RDF class. The application provides addi-
tional functionalities that are typical to traditional webGIS such as legend, selection 
of a base map, and measurement tools. Figure 9 shows geographical entities that 
belong to the class Airport. By clicking on a geographic entity on the map, a popup 
window appears with more information about the entity, such as its URI and a short 
label. By visiting the URI of an entity, it appears an HTML page that corresponds to 
the RDF resource and contains the triples that are associated with the entity and its 
map projection (Fig. 10). This feature, that is, the ability to get an HTML description 
of the triples that are associated with a resource by visiting its URI is a capability of 
the Semantic Web which is called URI dereferencing and is one of the Linked Data 
principles.

SemWebGIS supports the execution of SPARQL queries and the projection of the 
results on the map. In this way, SemWebGIS makes use of the SPARQL capability 
for formulating queries that combine information to generate knowledge. Figure 11 
shows an example of this functionality. The SPARQL query on the right combines 
information from municipalities, NATURA areas, and airports, and specifically ask 
for municipalities that in their jurisdiction contain NATURA areas within which 
operate Airports. At the left, the results of the query, that is, the matched munic-
ipalities are projected on the map. In future versions, we schedule to incorporate 
innovative functionality that exploits more Semantic Web capabilities, such as the 
appearance of semantic relationships between geographical entities on the map and 
the appearance of relations between geographic entities of the SKI and entities that 
are available through third-party data sources, such as DBPedia or Geonames.

The development of the SemWebGIS application was based on HTML, CSS, and 
Javascript. The functionality that is related to the map operation is provided by the 
Leaflet library and the available base maps are provided by OpenStreetMap, Mapbox 
και Google Maps. For the URI dereferencing functionality, the Pubby software is 
used.
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Fig. 9 Map projection of geographical entities of the Airport class

Discussion 

In the previous section, we presented the overall architecture of the Spatial Knowl-
edge Infrastructure for the Aegean Archipelago, which consists of components for 
(a) the generation and publication of RDF data on the Semantic Web and (b) the 
exploitation of semantically enabled data. The development of the SKI aims to 
upgrade the data dissemination services of the University of the Aegean currently 
provided through its Geographical Information Systems and Spatial Data Infrastruc-
tures. Specifically, SKI aims to form a public geo-semantic data hub that will be 
integrated with the Semantic web and offer services for supporting the decision-
making process, the development of services and smart applications, and the export 
of added-value spatial knowledge by any interested party. 

SKI contains RDF descriptions of geographical objects that belong to various 
thematic categories such as administrative boundaries (e.g., municipality and regions 
boundaries), geomorphology (e.g., rivers, caves, volcanoes), infrastructures (e.g., 
airports, schools, sports facilities), and other POIs (e.g., museums, temples, banks) 
and covers the Aegean Archipelago and the wider Greek areas. The original data 
sources are vector spatial datasets that are already maintained by the University 
of the Aegean and disseminated through its geographical information systems, and 
which are semantically annotated by the SKI component, RDF converter. The tool 
was designed to simplify the actions of converting spatial datasets to syntactically 
correct RDF and their publication to the Semantic Web, even for users that are not 
experts in these technologies. Behind the scenes, it re-uses terms from well-known 
ontologies, such as the RDFS and the GeoSPARQL, to increase semantic interoper-
ability and tighten the integration of SKI’s content with the Semantic Web. It also 
builds a bottom-up ontology based on the spatial datasets at hand. The alignment
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of the SKIs ontology with third-party ontologies, including the definition of rela-
tions between classes and properties and the establishment of links between related 
semantic resources, is a challenge and concerns advanced semantic enrichment tasks 
that require the development of additional tools targeted to expert users. A highlight 
of the proposed SKI is the storage of metadata regarding the original spatial datasets 
that help in keeping provenance information about the generated RDF statements, 
so as users are able to track their origins, such as who created them, when, and how. 

With regard to the exploitation of semantic content, an important function that any 
SKI should offer is the ability to perform spatial queries on the RDF data. To this end, 
for the storage of the RDF triples, it was selected the Fuseki software, which supports 
GeoSPARQL and allows the execution of spatial queries in a timely manner. The 
current SKI architecture incorporates interfaces for RDF data querying, exploring, 
and map projection. However, anyone is free to develop applications and services 
that would exploit SKIs content. Already, there are research teams at the University 
of the Aegean that provide examples of this potential. Specifically, Moraitou et al. 
(2022) develop a system for the management of cultural heritage semantic trajec-
tories generated from Unmanned Aerial Vehicles that enrich these trajectories with 
nearby POIs that are available in the SKI. More interfaces are needed for the automa-
tion of knowledge extraction that will implement advanced SPARQL features, such 
as federated queries and reasoning, through easy-to-use interfaces targeted to non-
expert users. After all, the SKI concept refers to public infrastructures whose power 
lies in the ability that offers to third-party bodies to export spatial knowledge. The 
challenge is to highlight the new possibilities that the semantic enrichment of spatial 
data offers in terms of data integration, querying, and reasoning and pinpoint ways 
of exploitation of SKI services toward knowledge extraction. 

Conclusion 

This work presented the efforts of the University of the Aegean toward ingesting 
semantic web technologies for spatial data management and dissemination. The 
University recognizes the importance of open data in supporting SDGs and is already 
a major hub in providing spatial data in Greece through web-based geographical 
information systems and its efforts aim to upgrade its services. The research and 
application of semantic web technologies target the provision of new possibilities 
for spatial data integration and enrichment from multiple sources and the formulation 
of advanced queries and reasoning for the generation of new knowledge. To this end, 
we develop applications and services for the semantic annotation of spatial data, 
publication to the Semantic Web, RDF data querying, exploring, and map projection. 
The above is the basis for the development of a SKI for the Aegean Archipelago 
that would serve as a public geo-semantic data hub available to anyone to exploit its 
services. In addition, SKI aims to offer the technological background and the network 
for supporting research in the geospatial semantic web and linked data domains, and 
aid third-party organizations and companies that may want to exploit the capabilities
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of Semantic Web and be part of it (e.g., semantic annotation services). This chapter 
contributes to the geosciences community by presenting the new possibilities that 
arise from the integration of geographical data with the semantic web, discussing 
the evolution from Spatial Data Infrastructures to Spatial Knowledge Infrastructures, 
and providing directions, with regard to data modeling and architectural decisions, 
toward a possible implementation of the latter. However, the development of the SKI 
is in progress and there is much work still to do for the full exploitation of its potential. 
This includes the interlinking of geographical entities with entities provided by other 
data sources (e.g., DBpedia, GeoNames), the alignment of the ontology with other 
ontologies, the evaluation of the RDF data quality and the SKI services, further 
research on possible ways of exploiting SKI services and content, the development 
of user-friendly interfaces for the public, and the application of reasoning techniques 
for the generation of new knowledge. 
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Using Story Maps for SDG Visibility 
and Education: A Scoping Review 

Juan José Pons Izquierdo 

Abstract Story maps are one of the most common and useful ways to conduct virtual 
field trips or virtual tours, in places both near and far. Though new, they are growing 
rapidly and cover many themes, including the 2030 Agenda and Sustainable Develop-
ment Goals (SDGs). The ease with which story maps can bring environmental case 
studies into the classroom in a visually attractive way, while combining different 
materials (maps, texts, photos, videos, etc.) on one webpage and promoting user-
interaction, make them an excellent teaching tool. They can also be employed in many 
non-academic contexts, such as the dissemination or awareness of values among the 
population as a whole or among specific groups. Although there are thousands of 
environmental story maps, related research and scientific articles have been scarce. 
Through a review of the main bibliographic databases (in Science and Scopus), the 
importance of story maps in support of the SDGs is analysed and their main charac-
teristics described: approaches, tools used, methodologies, training levels, etc. The 
study finds growing interest in story maps relating to environmental issues among 
researchers. There is a particular focus on education: half deal with various aspects of 
story maps as a pedagogical tool. Finally, this paper highlights that the vast majority 
of articles address specific case studies, rather than more general issues. 

Keywords Story map ·Web map · SDG · Environment · Scientific production 

Introduction 

The term ‘story map’ encompasses a set of web tools that allow the combination 
of interactive maps with other types of explanatory content, such as texts, graphics, 
photos, videos, podcasts and hypertext links (Cope et al. 2018). This integration 
of different digital materials around cartography facilitates the implementation of

J. J. Pons Izquierdo (B) 
Department of History, History of Art and Geography, University of Navarra, Pamplona, Spain 
e-mail: jpons@unav.es 

National University of Education at Distance (UNED), Pamplona, Spain 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
A. Klonari et al. (eds.), Re-visioning Geography, Key Challenges in Geography, 
https://doi.org/10.1007/978-3-031-40747-5_4 

57

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-40747-5_4&domain=pdf
https://orcid.org/0000-0002-5623-1591
mailto:jpons@unav.es
https://doi.org/10.1007/978-3-031-40747-5_4


58 J. J. Pons Izquierdo

narratives of complex spatial phenomena in a more accessible and creative way (Lo 
Presti 2022), making them easier to understand. 

These characteristics of story maps make them very useful tools for teaching 
(Baker 2015; Hong 2014), due to their dynamic and visual nature and their capacity 
for user-interaction. They can also be used in many non-academic contexts, such as 
disseminating or raising awareness of values among the population as a whole or 
among specific groups (De Lázaro et al. 2020). 

This versatility means that, although the use of story maps is very recent—the 
creation of geographic information systems (GIS) in the cloud was a novelty only a 
decade ago (Caquard and Dimitrovas 2017)—their use has exploded in recent years, 
especially in education (Antoniou et al. 2018). Environmental Systems Research 
Institute (ESRI), the company that has most driven the development of this technology 
and has the largest number of users, reports that there are currently more than 2.2 
million ArcGIS story maps hosted on its cloud service (Fig. 1), up from 120 a decade 
ago (ESRI n.d.). 

This rapid and massive development has led to story maps being used in all kinds of 
fields and for very different purposes, although they always focus on a spatial theme 
and its narrative character (storytelling). One of these themes is the 2030 Agenda 
and Sustainable Development Goals (SDGs), which is an increasingly popular topic 
of research and publication (De Lázaro et al. 2020; Pons 2021; Puertas-Aguilar et al. 
2021; Quinn et al. 2019). 

However, to our knowledge, no scientific studies have analysed the literature on 
story maps in the field of SDG dissemination. For this reason, the aim of this study 
is to delineate and assess this literature, and particularly to address questions such 
as: what kind of studies have been conducted on story maps? how have they been 
developed? where are they published?, and what is their content and methodology? 

In sum, this work represents a first review, which allows us to know the state-of-
the-art on a subject of undoubted current interest and future projection.

Fig. 1 Number of story maps hosted on ESRI cloud service by year (ESRI n.d.) 
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Methodology 

A review of scientific story map articles in leading bibliographic databases was 
carried out, with criteria included in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA)—in their 2020 revision (Page et al. 2021)— 
used as an illustrative framework. Specifically, the study follows the extension of 
scoping reviews (PRISMA-ScR), detailed by Tricco et al. (2018), and is based on 
this topic’s foundational contribution by Arksey and O’Malley (2005). 

Therefore, our methodology includes a literature review protocol based on 
the PRISMA-ScR checklist (http://www.prisma-statement.org/Extensions/Scopin 
gReviews), which ensures the systematisation and traceability of the analysis 
performed. Unfortunately, some basic data cannot be reproduced in this chapter 
due to its length (in particular, the complete list of articles reviewed). 

Several web applications to support researchers in this task (Stefanovic et al. 
2021) exist, including some specific software, such as SESRA, ReLis and Parsifal, 
but in this case they were not used, since all the information was provided in a shared 
Google Sheets document (https://bit.ly/SDG_storymap). 

The review consisted of eight consecutive stages: (1) definition of the frame-
work and e-research question; (2) identification of relevant articles in bibliographic 
databases; (3) filtering of the selected files to purify the results (elimination of dupli-
cates and articles not available in full text); (4) thematic review of the articles to 
select those appropriate for the study; (5) in-depth content analysis; (6) charting of 
the data; (7) presentation and discussion of the results; and finally, (8) drawing of 
conclusions. 

The following methodological sections explain the sources used and process 
followed to collect, filter and analyse the relevant information (steps 2 to 5). 

Data Sources and Search Strategy 

The electronic bibliographic databases used to search for scientific papers were Clari-
vate Analytics’ Web of Science (WOS) and Elsevier’s Scopus. These are traditionally 
the most widely employed in bibliometric analysis as they are more selective in their 
content (Pranckutė 2021; Singh et al. 2021). The final search of both databases was 
carried out on 3 December 2022. 

The selection process was as follows: firstly, a number of subject-related terms 
were identified and searched using logical operators. This was done in three specific 
database areas: “title”, “abstract” and “keywords”. In WOS, this triple search was 
carried out in the subject area. The query was therefore the same in both databases, 
but with different search routines:

• WOS: “story map” (Subject) or “storymaps” (Subject) or “story mapping” 
(Subject) or “storymapping” (Subject).

http://www.prisma-statement.org/Extensions/ScopingReviews
http://www.prisma-statement.org/Extensions/ScopingReviews
https://bit.ly/SDG_storymap
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Fig. 2 Selection process flowchart, following the PRISMA Statement 

• Scopus: (TITLE-ABS-KEY (“story map”) OR TITLE-ABS-KEY (“storymap”) 
OR TITLE-ABS-KEY ( “story mapping”) OR TITLE-ABS-KEY (“storymap-
ping”). 

In the case of WOS, only references from the Core Collection were retrieved.
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Consequently, a total of 402 documents were collected: 149 in WOS and 253 in 
Scopus (see Fig. 2). 

This represented an unmanageable number of resources for this study. A prelim-
inary examination of the records revealed that many contained the term “story map” 
(or one of its derivatives), but this did not correspond to the meaning relevant here. 

In order to make a shortlist, the possibility of adding a new term to the description 
search that included a reference to geography was tested. 

However, this idea was rejected because the search options in WOS are less 
numerous than in Scopus and would therefore have distorted information retrieval. 

The second step was to filter both searches by document type, leaving only 273 
articles in peer-reviewed scientific journals (107 in WOS and 166 in Scopus) and 
rejecting the others. Although this decision significantly reduced the number of 
documents, it was taken because of the heterogeneity of many of those retrieved, 
which were not relevant for this review. Consequently, a significant reduction in 
the number of references available for analysis (129 in total) was assumed, which 
improved the accuracy and quality of the remaining references. 

Data Management and Screening 

Once this task was completed, the next step was to prepare and filter the information 
for content analysis. Each search was exported to a spreadsheet (Microsoft Excel 
2019) and merged into a single database containing the 273 articles. The 75 duplicates 
were then removed from the database, first by an automatic function and then by a 
manual check, leaving 198 articles to work with. 

Records for which the full text was unavailable (only 7) were also excluded, as 
further analysis was not possible. 

Eligibility Criteria 

A two-stage analysis process was used to assess the thematic fit and consistency of 
the studies identified in the search. First, the remaining 191 records were examined 
for content, retaining only those whose semantic content was directly related to the 
topic discussed in this article. For this purpose, three of the database fields were 
analysed: article title, journal title and abstract. In about 25% of the cases, it was 
also necessary to check the full text, as the cited fields did not give a clear picture of 
article content. 

A large proportion of these scientific publications deal with issues in the field of 
pedagogy, where story maps are conceived as graphical tools to facilitate the learning 
of people with autism and other difficulties (Idol and Croll 1987; Kamps et al. 1995). 
The remaining articles rejected at this stage dealt with story maps in a very peripheral 
way, with little relevance to the overall content of the document.
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Table 1 List of selected articles on story maps related to the SDGs (with link to the full text) 

Authors Title Year 

Aahlaad, M. et al. An Object-Based Image Analysis of 
WorldView-3 Image for Urban Flood 
Vulnerability Assessment and Dissemination 
Through ESRI Story Maps 

2021 

Aldinger, J. M. M. Story Maps and Disability Studies: A Digital 
Blueprint for Teaching Community 
Engagement 

2018 

Budowle, R. Narratives of Place: Integrated Digital 
Storytelling and Story-Mapping for 
Sustainable Recreation Management 

2022 

Du, J. T. et al. A Framework for Co-designing and 
Developing Participatory Storymaps with 
Aboriginal Communities 

2022 

Gillespie, N., and Encinas, J. An Aquatic Organism Passage Story Map 2017 

Hunter, J. et al. Learning on Harare’s Streets Under 
COVID-19 Lockdown: Making a Story Map 
with Street Youth 

2021 

Kirby, E. et al. Queering the Map: Stories of Love, Loss and 
(Be)Longing Within a Digital Cartographic 
Archive 

2021 

Johansson, T. et al. Web Map Application to Support Spatial 
Planning, Decision-Making and Transition 
Toward Climate-Smart Landscapes in the 
Taita Hills, Kenya 

2019 

Li, J. et al. Web GIS for Sustainable Education: Towards 
Natural Disaster Education for High School 
Students 

2022 

Lung-Amam, W. S., and Dawkins, C. The Power of Participatory Story Mapping: 
Advancing Equitable Development in 
Disadvantaged Neighbourhoods 

2020 

Malkowski, J. A., and Klenke, C. M. Rhetorical Cartographic Story Maps as Public 
Work 

2020 

Mychajliw, A. M. et al. Using the Anthropocene as a Teaching, 
Communication and Community 
Engagement Opportunity 

2015 

Northmore, L., and Hudson, M. D. Digital Environmental Impact Assessment: 
An Exploration of Emerging Digital 
Approaches for Non-technical Reports 

2022 

Oubennaceur, K. et al. Flood Risk Communication Using ArcGIS 
StoryMaps 

2021 

Park, Y. M. A GPS-Enabled Portable Air Pollution 
Sensor and Web-Mapping Technologies for 
Field-Based Learning in Health Geography 

2021
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Table 1 (continued)

Authors Title Year

Pietsch, M. et al. Analyzing Ecosystem Services in Armenia 
Using ArcGIS Online: A Case Study of the 
Geghard Monastery and the Kotayk Province 

2019 

Riggsbee, K. A. et al. More Than Fast Food: Development of a 
Story Map to Compare Adolescent 
Perceptions and Observations of Their Food 
Environments and Related Food Behaviors 

2019 

Samuels, K. L., and Platts, E. J. An Ecolabel for the World Heritage Brand? 
Developing a Climate Communication 
Recognition Scheme for Heritage Sites 

2020 

Schnitzler, C. Telling Human Stories of Climate Change 
With ArcGIS Story Maps. Geography 
Teacher 

2020 

Schroth, O., and Mertelmeyer, L. Telling the Story of a Landscape Plan Online 2020 

Taylor, J. et al. Participatory and Spatial Analyses of 
Environmental Justice Communities’ 
Concerns About a Proposed Storm Surge and 
Flood Protection Seawall 

2022 

Thürkow, D. et al. Using Interactive Story Maps Enriched by 
Direct Knowledge Queries for the 
Development of E-Learning Modules on 
Climate Change 

2019 

Thürkow, D. et al. Conception of Online Learning Formats for 
Climate Adaptation in Central Germany 
Using Geoinformation Technologies—A 
Contribution to Education for Sustainable 
Development 

2020 

van Blerk, L. et al. Creating Stories for Impact: Co-producing 
Knowledge with Young People Through 
Story Mapping 

2022 

Vollstedt, B. et al. Co-production of Climate Services: A Story 
Map for Future Coastal Flooding for the City 
of Flensburg 

2021 

Walther, S. C. et al. Using GIS and Remote Sensing to Map 
Grassroots Sustainable Development for a 
Small NGO in Nepal 

2019 

Finally, certain documents were excluded because of errors in the previous filters. 
For example, some book chapters were found at this stage that should have been 
removed earlier, as well as documents with insufficient relevance to the study.

Additionally, two articles in different languages (Malay and German) were 
identified, which prevented their analysis. 

Following this systematic review, the number of studies removed from the 
database was 124, compared to the remaining 68 articles.
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The second step involved closely working with these datasets, to identify the 
extent to which their content was aligned to one or more of the SDGs (26 articles, 
Table 1). This required analysis of not only the title and abstract, but also the full 
text. A new column in the database was created for this purpose. 

Results 

From the articles catalogued as part of the corpus of scientific literature on story maps, 
an analysis of the most relevant quantitative and qualitative aspects was carried out. 
Whenever possible, the presence of articles dealing with the SDGs is distinguished. 

Number and year of Publication 

As said, academic literature on story maps is very new (ESRI n.d.), almost as recent as 
the development of cloud-based GIS itself. Even more current is the United Nations 
Agenda 2030 (UNGA 2015), adopted by the General Assembly on 25 September 
2015. Therefore, scientific articles related to this topic can be traced from this date 
and not before. 

Figure 3 shows the publication sequence of the 68 articles selected in the search 
on story maps. Those that are related to one or more of the SDGs are highlighted in 
a different colour. 

This graph shows, primarily, that the number of scientific articles dealing with 
story maps increased rapidly from 2015 to 2022, with the exception of 2021, which 
can probably be considered an anomaly due to the impact of the COVID-19 lockdown 
on scientific production (Myers et al. 2020). It is expected that by the end of 2022;

Fig. 3 Frequency of story map articles per year published in scientific journals, with an indication 
of those with SDG content 
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the number of articles published on this specific topic will be equal to or higher than 
in 2020. 

On the other hand, there is also growing interest in studies related to the SDGs 
(Straza and Schneegans 2021). For example, a Scopus search revealed more than 
1,500 scientific articles citing them in the title, keywords or abstract in 2022. This 
increase is also reflected in story map articles. Over the last four years, as shown in 
Fig. 3, the average number of articles addressing SDGs represents almost 40% of 
the total, and reached 53% in 2022. 

Sources 

To date, articles on story maps have been published in 56 different journals, indicating 
that scientific literature in this field is highly dispersed. Figure 4 shows the journals 
in which two or more papers have been published. The Journal of Geography in 
Higher Education stands out, with six articles on the topic. As seen below, this is in 
line with the predominant thematic orientation of the corpus of articles. 

Articles on the SDGs are also very scattered. Only two journals (Interna-
tional Journal of Environmental Research and Public Health and Journal of Digital 
Landscape Architecture) have published more than one article on this topic.

Fig. 4 Frequency of story map articles published by source, with an indication of those with SDG 
content 
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Origin and Language 

The articles selected for this review are from 14 different countries. This figure does 
not include the total of 216 participating authors, as only the corresponding or first 
author of each paper was considered in order to assign the article to a country, city or 
work centre. However, collaborations between researchers from different institutions 
and even international partnership are commonplace. This is possible because the 
average number of authors per paper is higher than three, with 13 single-author 
papers and several with a very high number of authors: six with five, three with six 
and one each with seven, eight and 12 authors. 

The distribution of papers by country is very uneven (Fig. 5). The United States 
(US) alone accounts for almost half of all contributions (31 papers). This is followed 
by the United Kingdom (UK; eight), a group of three countries (Canada, Germany 
and Greece) with five papers each and Spain with four. 

Within this country analysis, only half contributed articles relating to the SDGs. 
Numerically, the US stands out (12), but the most relevant case is that of Germany, 
whose five articles fall into this group, and the UK, with 50%, well above the overall 
38%. 

The map (Fig. 6) shows the distribution of articles by institution of the main author. 
There is a clear correspondence with the countries mentioned above, but there are 
some nuances. For example, in the US, despite the large number of scientific articles, 
production is spread over many institutions (28 out of a total of 31). The opposite 
is the case in Spain, where the centre with the highest contribution in the world is

Fig. 5 Frequency of story map articles published by the main author’s country, and SDG content 
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Fig. 6 Frequency of story map articles published by work place of the main author (in the range 
from one to three, depending on the diameter), with an indication of those with SDG content (green) 

located (Universidad Complutense de Madrid, three studies), accounting for 75% of 
the country’s total production. 

In addition to this academic centre, there are other institutions with outstanding 
contributions: in the US, Clemson University, the University of Maryland and the 
University of Wyoming; in Germany, Martin Luther University Halle-Wittenberg; 
in Greece, the National and Kapodistrian University of Athens; in Malaysia, the 
National University of Malaysia; and finally in the UK, the University of Dundee 
and University College London. Each institution contributes two articles, while the 
remainder total 58 articles. 

Most articles were published in English (96%), although this is the native language 
of only two-thirds of the origin countries. The exceptions were three articles written 
in Spanish, German and Malay, respectively. 

Topics 

Probably the most interesting analysis that can be carried out on the selected articles 
is that of their subject matter and content. 

In this sense, the first analytical approach reveals a strong pedagogical orientation 
in the scientific literature on this subject (Fig. 7), since half (34) relate to teaching 
experiences developed at different educational levels. All involved groups of students 
at different levels. Most of the projects described were carried out at university level 
(26), while a further seven were at secondary and four at primary level (Fig. 8). The 
sum of these experiences exceeds the total number, as one took place at primary and 
secondary level simultaneously, and two others at secondary and university level.

One fifth of the teaching experiences had a theme related to the SDGs.
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Fig. 7 Distribution of 
published story map articles, 
indicating whether they are 
pedagogical experiences and 
include SDGs content 

Fig. 8 Distribution of 
published story map articles 
based on pedagogical 
experiences according to 
educational level, with an 
indication of those with SDG 
content

The second type of work that stands out, in terms of number, are methodological 
studies (11 in total). These articles present the story map tool and analyse its narrative 
possibilities, the techniques for its development, the software that can be used and 
even the specific steps—instructions—for constructing a story map. 

In some cases, in addition to the more focused aspect of story maps as a tool, these 
papers also have a specific theme: so in addition to methodology, they are counted 
as having a social theme (2 articles) and a collaborative experience theme (1 article). 

The remaining articles focus on a specific theme. The most common is environ-
mental sustainability (11), followed by social issues (7), history and cultural heritage
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(3) and tourism (2) and volcanology (2). Among the articles on environmental sustain-
ability, four articles on the threat posed by climate change to increased flooding in 
urban areas stand out numerically. 

Most of these articles, and of those analysed in general—64 out of 68—focus on 
a case study. In other words, the content explains or reflects a specific experience. 

The distribution of the 26 articles that deal with the topic of sustainability, through 
the SDGs, is shown in Fig. 9. The largest number of articles relates to Goal 6 (12 
articles). Goals 10 and 13 (6 articles) and 15 (articles) are far behind. There are 
several articles that have been allocated to two objectives because they were strongly 
linked to both, and in one case to three.

Finally, the content of the articles was examined by means of a co-occurrence 
mapping analysis of the terms appearing in the titles and abstracts of the 68 articles 
(Fig. 10). This was undertaken using the VOSviewer software, version 1.6.18.

The results show a ‘cloud of terms’ with their corresponding relationships. The 
size of the circles represents occurrence of the terms, and the thickness of the lines, 
as well as the distance between the nodes, indicates the relationship between them 
(the number of times they are cited together). 

The organisation of the words into three clusters, represented by colours, is clearly 
visible. The first (green) refers to the educational aspect of the story maps, with the 
word ‘student’ occupying a prominent place in the analysis and being closely related 
to ‘geography’, ‘education’ and ‘teaching’. 

The second cluster (red) contains the most terms and is the most semantically 
diverse. The dominant word is ‘development’ and it is noticeable that there are several 
thematic terms next to it (‘history’, ‘climate change’, ‘sustainable development’ and 
others), which gives an idea of the large number of ‘case studies’—another of the 
terms that appear—dealt with in the articles. 

Finally, the blue cluster is dominated by two terms, “story” and “narrative”, which 
are very close and connected to the red cluster, which tells us about the communicative 
aspect of story maps. 

This analysis of terms allows a better global understanding of a large and very 
diverse corpus of articles by means of a tool designed to automatically establish links 
between the words used. Although it is insufficient in itself to draw conclusions, it 
can help reveal connections and outline explanations. 

Discussion and Conclusions 

Using PRISMA as a tool to ensure transparency and accuracy throughout, this review 
identifies as many studies as possible that relate to story maps. 

Some of them analyse the story mapping tool and one or more sustainable devel-
opment goals simultaneously (26 articles in total). These articles represent only a 
part of the academic literature on story maps, which serve different purposes.
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Fig. 9 Frequency of published story map articles by SDG

To date, there have been no published studies that have systematically addressed 
the development and characterisation of articles written on such a specific topic. This 
in itself is the greatest strength of this work. 

However, it is also important to note this study’s limitations. Firstly, choices 
were made regarding the selection of documents to be analysed, which significantly 
reduced the base of available publications. The decision to use Web of Science 
and Scopus, while guaranteeing a certain level of quality of the papers, meant that 
many were excluded. Systematic literature reviews based on these databases have an
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Fig. 10 Co-occurrence map of clustered terms based on the title and abstracts of 68 selected articles

inherent bias: both platforms underrepresent, in terms of scientific output, languages 
other than English and the fields of Social Sciences and Humanities (Tennant 2020). 
Searches in other sources may have led to the discovery of additional publications 
and, of course, to changes in the results found. 

The terms used to describe the topic (‘story map’ and other derived terms) are 
broad enough to capture the majority of studies, according to some tests in the process, 
but may exclude scientific literature in other languages. 

In addition, due to the large number of documents retrieved, it was decided that 
all those that were not journal articles, such as book chapters, conference papers, 
reviews, journal editorials, notes, etc., were not included. The reason for this was that 
these documents implied a reduction in the sample. As a consequence, the resulting 
surplus was found to be more homogeneous. 

This study affirms that, despite the enormous number of story maps created over 
the last decade (over two million using ESRI software alone), little scientific attention
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has been paid to this type of online geographic information tool. However, it can be 
seen that the number of articles published is growing rapidly, in parallel with the 
interest of institutions and society, which are increasingly using story maps as a 
means of disseminating all kinds of territorially-based issues. 

It is clear that the scientific world will become increasingly interested in the 
subject matter of this research. This work represents a first view of the development 
of the specialised literature on this issue in the largest databases of scientific articles 
and, at the same time, an attempt to transcend the case studies. The latter is essential 
to enter into more general questions and to advance knowledge about the tool (the 
story maps) and the use being made of it, both thematically (regarding the SDGs, 
e.g.), and in terms of its elaboration (pedagogical, informative tool, etc.). 
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Abstract The study of global challenges, such as climate change or water scarcity, 
requires specific educational concepts. This chapter talks about an international 
project that conducted parallel courses on geography education for teacher training 
in Germany, France, and Israel. This international virtual academic collaboration 
was facilitated using different long-distance communication options. The goal of 
the project was to enable students to have experiential and meaningful distance 
learning while implementing ESD in teacher training seminars in geography. The 
main content of the collaboration was called “Water is Life” which focused on the 
thematic area of water and was connected to the Erasmus Plus V-Global project. 
During the seminar, the students developed virtual teaching concepts for geography 
lessons. The feedback from many of the students indicated that it was an extraordi-
nary opportunity to meet and work together. The project allowed them to discover 
the issues of water from different perspectives. Multi-linguistic challenges, cultural 
differences, and online learning difficulties were an integral part of this project and 
constituted its challenges. Although many obstacles emerged, this project enabled 
students to use the skills they acquired in their work as future teachers. Finally, the 
article outlines the conceptual basis and results of the seminar. 
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Introduction 

The COVID-19 crisis brought significant changes to university teaching and learning 
(Day et al. 2021). Within a very short time, face-to-face courses had to be converted 
into digital formats, confronting both teachers and students with considerable chal-
lenges. For example, geographical working methods, such as fieldwork, can no 
longer be carried out (Day et al. 2021). At the same time, this change also gave 
way to several opportunities. For example, transferring teaching to the digital space 
offered great potential for international exchange and the internationalization of 
teaching. Expanding on a bi-national project (Leininger-Frézal and Sprenger 2022; 
Yaar-Waisel and O’Reilly 2022), a third country, Israel, was included in the interna-
tional cooperation under the present project. The content of the collaboration focused 
on the thematic area of water, and the project called “Water is Life” is connected 
to the Erasmus Plus V-Global project. It is an international geography teaching 
project that took place from 2021 to 2022 through cooperation among the Universität 
Hamburg (Germany), Université Paris Cité (France), and Oranim College of Educa-
tion (Israel). The focus of the content is on global challenges, such as climate change 
and water scarcity, which require specific educational concepts (Fensham 2012). One 
of these is the Educational for Sustainable Development (ESD; Leicht et al. 2018), 
and within this context, “water” is considered one issue. Global change and rising 
water consumption all over the world have led us to investigate this issue and make 
them the focus of the project, which was completed via parallel courses on geog-
raphy education for teacher training. International virtual academic collaboration 
facilitated the completion of this project through the use of different long-distance 
communications options. Due to the current pandemic situation, different digital 
teaching opportunities were also used. The basis of our work was the perception that 
international collaboration allowed students to get to know the subject better from 
different perspectives. 

Contextual and Theoretical Backgrounds 

Teacher Training in Three Different Countries 

The education systems, including teacher education, varied significantly in the three 
countries involved in the project. The teacher training curriculum is under the 
responsibility of the ministries of education in each of the three countries. 

In France, teacher training begins after a bachelor’s degree in one of the disci-
plines taught. Students then enter the Institut National Supérieur de Professorat et de 
l’Education (INSPE) to prepare for obtaining a master’s degree dedicated to teaching 
(Master MEEF). At the end of their master’s degree, they must pass a teaching exam 
that is quite selective. Students who do not pass the exam can be hired as temporary 
teachers.
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In Germany, teacher training is divided into two stages (Kultusministerkonferenz 
2021). The first stage is a degree program in higher education at a university. In 
the majority of states, a consecutive structure of study with bachelor’s and master’s 
degrees (BA/MA) exists, including periods of practical training. The university stage 
is followed by a second phase, which is a practical training course in a school 
setting called Vorbereitungsdienst. This takes place in teacher training institutes 
(studienseminar) or other comparable institutions. 

Meanwhile, teacher training in Israel is highly diverse. The accepted route is to 
study for a first degree (BEd) while also obtaining a teaching certificate. Completing 
a degree lasts four years, but many studies for a teaching certificate only after 
completing their first degree (for one or two years). There are unique tracks for 
master’s degree studies and a teaching certificate requirement. In fact, many teachers 
study for master’s degrees separately from their teacher training. Teacher training 
in Israel also includes theoretical studies in colleges and universities, in addition 
to actual teaching experience in schools. After completing their academic studies 
and obtaining a teaching certificate, students must also undergo an internship year, 
which will allow them to obtain a teaching license from the country’s Ministry of 
Education. 

Implementation of ESD in Teacher Training 

Education for sustainable development (ESD) “aims at developing competencies 
that empower individuals to reflect on their own actions, taking into account their 
current and future social, cultural, economic, and environmental impacts, from a local 
and a global perspective. Individuals should also be empowered to act in complex 
situations in a sustainable manner, which may require them to strike out in new 
directions; and to participate in socio-political processes, moving their societies 
towards sustainable development” (UNESCO 2017, p. 7). Within ESD, Wiek et al. 
(2011) developed a framework that includes five key sustainability competencies: (1) 
systems thinking, (2) future thinking (or anticipatory), (3) values thinking (or norma-
tive), (4) strategic (or action-oriented), and (5) collaboration (or interpersonal). In 
the context of teacher training, further models have been developed, including the 
RSP Competence Framework (Vare et al. 2019), which consists of a matrix of 12 
competencies. 

Given that teacher training itself varies significantly in the three countries, the 
conditions for implementation also vary. ESD was first introduced in France in 2004 
through a transversal circular. Then, at the end of the 2000s, sustainable develop-
ment was introduced into the curriculum, particularly in geography and science. A 
label was set up at the same time for establishments that engaged in educational 
projects related to sustainable development, which were called E3D schools (estab-
lishments in the sustainable development process). In teacher training in Germany, 
the implementation of ESD at the formal and informal levels in the curricula has 
progressed in recent years. Sprenger and Nienaber (2017) demonstrated that the
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formats applied at universities are highly diverse. Depending on the university, a 
wide range of formats has been used—from individual seminars based on the initia-
tive of individual teachers to the use of modules and whole-institution approaches. 
In Israel, the ESD forms a significant part of the geography study program. The 
curriculum in Israel from Grades 2–12 mainly deals with the subject of “education 
for sustainability.” The values that lead to the teaching of the subject as they appear 
in the curriculum include “A person’s responsibility for the environment and for 
development through sustainability” and “Environmental justice.” The curriculum 
states that “a person has a responsibility towards the natural environment, and he 
also develops sustainable processes” (Ministry of Education 2022). In this project, 
sustainable development is addressed in a disciplinary framework through the lens 
of geographical education. 

Interculturality 

Another central theoretical aspect of our project seminar was intercultural learning 
or intercultural competence (e.g., Barrett 2018). Barrett (2018: p. 94) defines inter-
cultural competence “as the set of values, attitudes, skills, knowledge, and under-
standing that are needed for understanding and respecting people who are perceived 
to be culturally different from oneself, for interacting and communicating effectively 
and appropriately with such people, and for establishing positive and constructive 
relationships with such people.” This includes a whole framework of 14 components 
that are to be assigned to the following areas: (a) values, (b) attitudes, (c) skills, and (d) 
knowledge and critical understanding (Barrett 2018). For the school context, Barrett 
(2018) suggested various activities to promote intercultural competence, which can 
also be applied to the university context. These include Internet-based intercultural 
contact and pedagogical approaches, such as cooperative learning (Higgitt et al. 
2008) or project-based learning. 

Concept of the Seminar 

Goals of the Project 

The main goal of the project was to enable students to realize ESD and to have 
experiential and meaningful distance learning. It also aimed to help them identify 
the challenges of ESD and prepare them for implementing it in their classrooms in the 
future. To this end, the seminar aimed to accompany students in the development of 
the five skills listed above (Wiek et al. 2011). The first three competencies (systems 
thinking, future thinking, and values thinking) are developed through the contents 
of the training and are also implemented in the seminar and the framework of the
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Fig. 1 Organization of the seminar (own illustration) 

courses in which they are included. Indeed, as explained in detail, the international 
seminar was carried out in each of the universities involved as part of a geography 
education course. The last two competencies (strategic and collaboration) constituted 
the pillars on which the seminar was built, as shown in Fig. 1. 

Organization of the Seminar 

The seminar was organized into three parts: online seminar, face-to-face course, and 
working group. 

Online Seminar 
The first part consisted of four online meetings among students from the three coun-
tries and was focused on the educational systems in Germany, Israel, and France, 
as well as the water-related issues in each national context. In the beginning, the 
online seminar required the students to get to know one another and create trust-
building steps, perform fun icebreaker activities, and share their experiences. Such 
meetings among people who were in different places but partners in the same profes-
sion allowed fruitful exchanges, although they faced linguistic and online learning 
challenges, which were integral parts of this project. Overall, this project enabled 
students to use various skills they will acquire in their work as future teachers. The 
online seminar was a collaboration-based learning activity using participative tools 
participatory tools are those that allow collaboration between students or between 
students and their teachers. There is a wide range of participatory tools that allow 
students to write a text collaboratively, and collect data, such as Padlet and Survey123. 
On each of the topics, the students identified similarities and differences between the 
three countries. They then conducted research and formalized presentations on their 
country’s educational systems, which they eventually shared in groups. On the theme
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Fig. 2 “Padlet” board with students’ perceptions of rain (permission to publish) 

of water, the students had the opportunity to learn from others regarding the current 
state of water in their respective countries, the present challenges, and existing solu-
tions. For instance, the Padlet screenshot in Fig. 2 highlights variations in students’ 
reactions to rain. While some French and German students did not appreciate it and 
preferred to stay at home, the Israeli students welcomed it with enthusiasm. The 
online seminar was articulated in a regular face-to-face course and in working group 
activities. 

Classroom Work 
Between the online seminars, the university teachers developed some relevant content 
for ESD and for the project in their own classrooms. The following four topics were 
taught:

• What is education for sustainable development?
• Teaching about water in geography education.
• What is a virtual field trip?
• Creating a Story map. 

Water that enables life and is one aspect of sustainability. These topics were 
relevant to the German, Israeli, and French curricula. Therefore, it was interesting to 
develop them in a national context. These topics were discussed from a comparative 
perspective, both in the webinar and in the group work.
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Working Group 
The students worked for several weeks in international groups with the following 
instructions:

• Choose and explore a specific water issue that is relevant to the three countries.
• Raise questions and collect data to explore these questions.
• Create a virtual field trip based on several case studies or data from the three 

countries. The students were required to use Story Map. 

The student groups worked independently, while the teachers intervened to guide 
and advise them when necessary. The students and teachers encountered various 
difficulties, which will be presented in Sect. 4. The students presented their virtual 
field trips in the last session of the seminar, after which they were allowed to ask 
questions about their respective productions. They were also asked to discuss in 
groups the water issues they identified in their countries and how such issues were 
taught in the subject of geography. This led to the next step of group work (“Story 
Maps”). The groups collected or produced data on a chosen theme related to a space 
and processed it. On the basis of this data, they created a Story Map to lead other 
students to explore the space and identify the global change issues related to a theme. 

Evaluation—Methods 

Academics describe action research as part of their teaching and research activities. 
Action research matches the educational goals of the project and provides benefits for 
both teachers and students. Action research is a model of professional development 
that promotes collaborative inquiry, reflection, and dialogue (Lesha 2014). The action 
research part of the current project was organized in a successive feedback loop 
aimed at adjusting the content of the seminar and its organization to our objectives, 
the student’s experiences, and their learning. After each online session, a review 
was conducted with the students in the classroom. This feedback was then discussed 
among the partner universities to debrief the last seminar session and anticipate the 
next one. Necessary adjustments and clarifications were made throughout the project. 
Discussions at the end of the year were intended to take stock and look forward to 
the following year. The diagram in Fig. 3 illustrates the feedback system that guided 
the project and the educational actions behind it.

The evaluation methodology consisted of two qualitative document types 
(Creswell and Creswell 2018): (1) analysis of the students’ logbooks and (2) analysis 
of the lecturers’ notes.
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Fig. 3 The research action 
plan (own illustration)

Analysis of Students’ Logbooks 

The logbook is a reflective tool in which students can record various types of data 
throughout the project, including their observations, feelings, reflections, and ques-
tions. The students were asked to write in a logbook what they learned, what surprised 
them, their questions, and the strategies they planned to deploy to answer these ques-
tions. Below are the instructions given at the beginning of the logbooks distributed 
to the students. 

This document is a tool to help you learn. After each international seminar, please write here 
what you have learned, what wonders you, your questions (regarding the point on ESD, on 
intercultural, language skills, digital skills, etc.), and how you will answer your questions. 
You will also complete this document during the working group. 

The evaluation of the seminar was independent of their assessment, as it was 
decided that they should be given freedom in the official assessment of the course. In 
each university, different evaluation procedures and measurements were accepted. 
The use of a logbook is not common in any of the countries involved in this seminar; 
yet to encourage students to express their ideas, we asked them to write at least after 
each webinar and during the group work. For this reason, the dates of each meeting 
were entered into the logbook. The contents of the logbooks were not shared among 
the students, although they were regularly discussed in class. At the end of the project, 
the teachers collected the logbooks from the students who agreed to share them. We 
analyzed these using a content analysis methodology (Mayring 2014). However, this 
analysis was not conducted in a comparative manner because the students from the 
different countries involved had profiles that were too disparate to be comparable. 
The data were also not collected in the same way: the Israeli students were asked
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Table 1 Profiles of students involved in the project 

University, Country France Germany Israel 

Number 12 30 22 

Number of logbooks 
collected 

8 – 21 

Profiles In-service 
teachers 
(10) 
Teacher 
trainers 
(2) 
France 
Senegal 
(2) 
Ivory 
Coast (2) 

Pre-service 
teachers, MA 
degree program 

Geography education students. Half of 
them already obtained their BA, while the 
others are currently studying for their 
bachelor’s degree (in their 3rd year) 
The students—all Israelis—were Jewish, 
Muslim, Christian, and Druze 

to complete an online logbook after each lesson as part of their summary reflection, 
while the French students did it on a Word document. For organizational reasons, no 
data have been collected in Germany. 

Students from the University Paris City were all experienced teachers. Some were 
teacher-educators (2), others were PhDs (1) or post-docs (2). They came from all 
over the French-speaking world: France; Senegal, Ivory Coast (see Table 1). During 
the years 2021–2022, three African students who participated in the project faced 
very different conditions from the other students (French, Germans, and Israelis). 
Classes in Ivory Coast and Senegal had between 60 and 120 students. Furthermore, 
the African teachers had limited resources: no or few textbooks for the students, 
random access to the Internet, and erratic electricity supply. Meanwhile, the Israeli 
and German students were in pre-service teacher training. In Israel, some students 
were Arabs, while others were Jews. The cultural diversity of the project came not 
only from the dialogue and collaboration among students from different universities 
but also from the highly diverse backgrounds of the participants. 

Analysis of the Lecturers’ Notes 

Before and after each international meeting, the notes taken by the three lecturers 
were compiled and then analyzed using qualitative content analysis (Mayring 2014). 
During this method of content analysis, the texts (in this case the students’ logbooks) 
are systematically examined. It is used to identify patterns or structures in the texts 
studied, based on this, categories are then formed. The categories formed are reflected 
in the results. In this case, they were formed inductively.



84 T. Yaar-Waisel et al.

Evaluation—Results 

The theoretical and conceptual principles of the seminar (teacher education, intercul-
tural learning) form the basic structure of the chapter, and the results are presented 
accordingly in each case. 

Students’ Learning Outputs—French Results 

Intercultural Dimension 

The Université Paris Cité students discovered other educational systems compared to 
the French one, and this did not fail to generate debates and questions, as demonstrated 
by the following quotes: 

Both Germans and Israelis were upset by the length of the school days for our pupils! (Student 
UPC 7) 

Thus, after the presentation of these educational systems, we were able to note that 
the Israeli educational system is based on religion and relies on three types of schools: 
secular public schools, religious public schools, and orthodox schools. As for the German 
educational system, we noted that unlike in Senegal, where school programs are applied 
throughout the country, in Germany, each state is responsible for the content of the school 
program in effect in the schools located there. (Student UPC 6) 

The French students were unaware that their relationship with water was culturally 
anchored. The relationship of Hamburg students was marked by risks, that of Israeli 
and African students by its scarcity, and that of Parisian students by the unfavorable 
weather. As some of them stated: 

For European countries, it seemed to me that it was sadness and cold, negative, that was 
associated with rain; for Israel, [it was a] joy. (Student UPC 1) 

It seems that the question of mental/social representations is very present without this 
being explicitly formulated for the students. I am beginning to understand that a cultural 
project is built on the basis of national representations, perhaps in response to the initial 
hypothesis I formulated for myself at the last meeting: Are there national specificities in the 
teaching of the issue of water? It is clear today that there are! The next question is: Which 
ones? (Student UPC 2) 

The French students also noted differences in their understanding of ESD. The 
French curriculum places greater emphasis on weak sustainability (Aubertin and 
Vivien 2006) than on strong sustainability, unlike the German and Israeli curricula. 

I think I have also become aware of some of the limitations of education for sustainable 
development, as it is organized in the French school system, despite my goodwill to make 
pupils think about current issues. In the curricula, as well as in the textbooks and in my 
lessons, we have too much of a tendency to look for examples far from France, which 
reduces, I think, the ability of pupils to project themselves into the reality of the issues. 
(Student UPC 2)
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Furthermore, the students mentioned that there was no physical geography taught 
in secondary schools in France, unlike in the other two countries: 

A student sent me his work. I realize that physical geography is very important for Germans 
[...]. His work focuses on the physical causes of the 2021 flood in a large German region. 
(Student UPC 4) 

The German students were really surprised that we don’t teach physical geography in 
France (or so few issues) because many of them are going to teach biology and geology 
together with geography. In Israel, physical geography is also important—maybe to avoid 
social or political issues? (French student 7) 

Finally, the students noted that they had different relationships with burning social 
issues. 

I explained that in France, the issue of water does not seem to be debated and that French 
programs rather present diffuse issues, often on an international or other countries’ scale, but 
rarely on the French scale. The German students explained that ecological issues are being 
discussed a lot by teachers in Germany at the moment, rather than through the entry: How to 
reduce your carbon footprint. Israeli students presented their material on water management 
in Israel: How the country has successfully met the water needs of its population. Water 
management is presented as a model, but they do not address sensitive issues (e.g., resource 
sharing with the Palestinian territories). (Student UPC 2) 

Learning Outputs in Terms of Digital Skills 

Beyond intercultural learning, the Université Paris Cité students seemed to have 
developed digital skills. However, it was difficult to find evidence of these skills in 
the students’ logbooks. Most of the time, they pointed out the difficulties they added 
with StoryMaps and other tools they were asked to use: 

So I started working on the StoryMap; the tool is interesting, and not so complicated to use 
(except for the ArcGIS maps: impossible to load shape files to make layers... I pull out my 
hair for many hours). (Student Journal 5) 

The students’ virtual field trips showed that they were able to appropriate the 
StoryMap. The content of the virtual field trips highlighted their ability to search 
for or create data, analyze them, and produce maps or images relevant to the topic. 
The StoryMap implements different resources, such as maps, photography, and 360° 
photos. However, we decided not to analyze the final productions of the students 
in detail. Nevertheless, we feel it is important to highlight what the logbooks do 
not say. Students’ digital skills were translated into action. All groups managed to 
produce virtual terrains on the topic of water. We had the same difficulties showing the 
collaborative skills developed by the students. The logbooks addressed the difficul-
ties previously highlighted in the sessions: language differences as well as different 
conceptions of ESD and what was to be done: 

We had a discussion in our group because some members didn’t want to speak in English 
in front of everyone and wanted one person to represent the group. It’s not easy for anyone 
to speak a foreign language! Another difficulty was the question of interactivity in the case 
studies. The case studies correspond rather to a juxtaposition of examples without any real
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complementarity; even if there are common themes, there is no crossing of local issues. 
(Student UPC 2) 

These virtual field trips were conducted in a concerted manner in groups of 
students from each of the partner universities. 

Professionalization of Students Undergoing In-Service Teacher Training 

Finally, the particularity of the French students involved in the project was that 
they were training to become teacher trainers. Thus, they were the only experienced 
students in the groups. However, this tended to put them in a difficult position. The 
pre-service teachers were sometimes more focused on the content than on how to 
teach it, giving priority to a lecture rather than the design of the learning activities. 

The second dimension of this experience is professional. It has indeed allowed me to reflect 
on my professional practice, in a reflective approach (Perrenoud 2010), and in particular on 
teaches training that I am a stakeholder (initial training). (Student UPC 2). 

Students’ Learning Outputs—Israeli Results 

Intercultural Dimension 

Many of the Israeli students addressed the language barrier and the difficulties related 
to the Internet. These difficulties obscure the creation of communication and learning. 
In some groups, it was crucial and too difficult to learn. After overcoming the language 
and communication barriers, the enthusiasm to meet people from “overseas” was 
viewed positively: 

I got to know really nice, warm, and smart people from different cultures. 

I learned that it is good to get to know more people and their perceptions of geography 
and learn from them. 

It surprised me that there were a lot of things in common between us, from a geographical 
point of view. 

It surprised me that the students were really enthusiastic about Israel and the entire 
composition of the country. 

“It was very interesting to get to know a different culture and hear about the different 
education system in each country.” 

The element of “surprise” for the Israelis can be argued: the participants listened 
to them and were interested in what was happening in Israel. This was a recur-
ring motif in what they had written. Israeli students thought, although the Israeli 
students encountered diverse cultures in their academic studies, the distance created 
a special kind of excitement. It seemed that the project experience and the multicul-
tural meeting opportunities created more excitement than the content itself. Overall, 
the Israeli students liked taking part in multicultural mixed groups.
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Learning Outputs 

Some of the Israeli students suggested how to improve teaching and learning methods, 
such as enlarging the groups due to the lack of presence of participants, which could 
serve as a “backup” to support the language difficulties experienced by some of the 
participants. They also recommended the preparation of visual learning materials: 

It surprised me that the conversation was successful and there were no awkward silences; on 
the contrary, the time was not enough for us, and we wanted to keep talking and listening. 

How can all participants be encouraged to take an active part in the conversation? In 
some parts, I felt that there were few people who were active in the exercise and thinking 
about the questions, while some were silent. 

Cultural differences, learning habits, and teamwork stood out in the cooperative 
learning process. These were actually parts of the overall goal of the project, and the 
students had opportunities to adapt to these differences. 

Professionalization of Students Undergoing In-Service Teacher Training 

The students studying teaching saw the project as a demonstration of a project-
based learning method. As such, they had to deal with both the teaching method 
and the chosen content. Both will serve them in the future as geography teachers. In 
particular, the students expressed interest in both the education system and the water 
situation. They were generally happy to learn what was happening elsewhere. In 
addition, they were happy to share their knowledge with people whom they felt were 
interested in their topics. In terms of content, when learning was enabled, it seemed 
to be successful. Furthermore, the water subject proved to be interesting, especially 
the differences in attitudes resulting from climate differences. As one student noted, 
this was “an interesting topic that may be relevant to each country but of the same 
topic.” Another student mentioned that “the issue of water economy management, 
various dealings with floods” was the most interesting topic. 

As future teachers and those who experienced teaching, they appreciated the 
efforts required in constructing such a structure, which “make a kind of competition 
not between countries but between groups.” Other students shared the following 
opinions: 

[It] was very interesting and experiential. I learned a lot of new tools and enjoyed 
collaborating with students from Germany and France. 

I am so delighted to participate in this program. 

Thank you for the opportunity. 

Apart from the positive evaluations, the Israeli students were not afraid to criticize 
and offer suggestions for improvement. First was the issue of time: they thought the 
lessons were too short, and they lacked time for group assessment. They also raised 
issues related to differences in culture, knowledge, preparation for the meetings, and 
even in software experience:
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Mixed feelings, I was excited, scared, but it really [developed] me a lot. 

Very exciting and stressful [at the same time]. 

For the Israeli students, this was part of their preparation for teaching in schools, 
which was mostly done in homogeneous groups. The success of the project may lead 
future teachers to bring different classes together. 

Analysis of the Lecturers’ Notes 

Based on the notes taken by the lecturers, four areas of multinational collaboration in 
teacher education were identified as being associated with challenges and opportuni-
ties (Fig. 4): (1) organizational aspects, (2) content, (3) language and communication, 
and (4) the digital teaching and learning environment. 

Organization 
The collaborative work required a very precise organization of the work plan ahead of 
time so that it would be clear to the lecturers as well as the students. Each meeting was 
well-planned in advance and in detail. It was agreed in advance how much time would 
be given to each part and which of the lecturers would be responsible. However, in 
advance of the planning, the different semester times at the three universities proved 
to be a challenge. For example, the semesters began and ended at different times, 
and there were also interruptions due to vacations at different times so the (relatively 
small) overtime had to be identified. Another opportunity—and also a challenge— 
was the structure of the educational system at the school level as well as the level of 
teacher education. This meant that a solution had to be identified for the simultaneous 
seminars, which could not be held on the same days of the week for various reasons.

Fig. 4 Challenges to and opportunities for multinational cooperation (own illustration) 
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Content 
The content of the seminar was determined by the educational concept of ESD. 
Other points of reference were intercultural learning and teacher training in geog-
raphy. In the course of the seminar, it became clear that although we were talking 
about the same topic, the background, and framework conditions were very different 
(see Sects. 2.1. and 2.2). At this point, it was very important to have a regular 
exchanges with the other lecturers about this topic. Collaborative tasks were also 
challenging, both in terms of the content and the level of thinking required of the 
students, especially in terms of the differences in mentality, language, and schedules 
of the students. 

Language and Communication 
Regarding this aspect, the biggest challenge was the language barrier experienced by 
the students. During the seminar, it became apparent that there were very different 
language levels among the students; while some were able to engage in the conver-
sation almost effortlessly, other students had greater difficulties. Three things proved 
helpful in advance or during the seminars: scaffolding in the sense of linguistic 
formulations or vocabulary lists, a written preparation of the task, and/or working 
in small groups/breakout rooms. In particular, the work in smaller group rooms and 
not in the whole plenum led to a larger group of students being active. 

Digital Teaching and Learning Environments 
In the area of digital teaching and learning environments, we started with icebreaker 
activities at the beginning of the seminar to first introduce the international students to 
one another and get them talking to each other. This included, for example, a digital 
map activity in which everyone was asked to locate themselves. Another activity 
was a collaborative digital board (Padlet) to introduce selected aspects of their own 
countries. These activities were also conducted regularly at the beginning of each 
international session. 

A central challenge of collaboration in a digital learning environment is the some-
times very different collaboration of students. On the one hand, some were highly 
engaged and active and had advanced the content of the seminar. Others, on the other 
hand, were more passive and, often, only the black tile was visible to some students 
during the videoconference. This was resolved during the seminar by having group 
work take place in smaller rooms/breakouts. Despite some strengths, some limita-
tions also became apparent. These lay primarily in the fact that fieldwork is directly 
associated with geography, which is not possible or only possible to a limited extent 
in digital space. 

The sentences summarizing the students’ words, “Mixed feelings, I was excited, 
scared but it really promoted me a lot” and “Very exciting and stressful together” 
can also express well the feelings of the lecturers: it is hard work that requires an 
investment of time and thought mental flexibility, and the ability to adapt to the 
requirements and limitations of the other partners. The initial nature of the project 
obliged the lecturers to preparatory meetings, which took place before the begin-
ning and during the semester. Checking the student feedback after each lesson and
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adjusting the following lessons accordingly. It taught the double time of teaching: 12 h 
of preparation. The collaboration between the lecturers was made possible thanks to 
the videoconference tool. Notably, the shared presence excited and aroused curiosity. 
This was also a new teaching method, and they had to adapt to it. 

Discussion 

The purpose of this chapter was to present the concept and evaluate tri-nation 
cooperation in geography education as part of teacher training. In this chapter, a 
case study in the context of ESD in teacher education was presented to show the 
goals, opportunities, and challenges involved. Based on the results, it became clear 
which opportunities and challenges exist. On the one hand, this development toward 
international cooperation was favored by the COVID-19 crisis, where teaching was 
converted to digital formats within a very short time (Day et al. 2021). This bene-
fited the present seminar, as both lecturers and students were already used to digital 
videoconferencing. 

In general, the present study presents the potential for international collabora-
tion in geography and teacher education in geography. With regard to this general 
aspect, the results are consistent with those of other studies (e.g., Higgitt et al. 2008; 
Leininger-Frézal and Sprenger 2022) that have also demonstrated international coop-
eration in geography. The virtual field trips served as relevant tools for fostering 
international collaborations, especially in the context of ESD. The students were 
able to explore each other’s territories from a collaborative perspective; the objective 
being to design a virtual excursion together. Thus, the virtual field trips were not only 
learning objects but also links between students and between distant territories. This 
is one of the innovative aspects of this chapter. 

Research has shown the benefits and limitations of using virtual field trips in 
different disciplines, such as geography (Friess et al. 2016), biology (Haris and 
Osman 2015), and geosciences (Qiu and Hubble 2002), as well as from the perspec-
tive of environmental education or climate change education (Markowitz et al. 2018; 
Petersen et al. 2020). Those studies are focused on the learning achieved or on the 
curriculum implemented (Detyna and Kadiri 2020). In the current study, the virtual 
field trips served as tools for linking teachers in pre-service or in-service teacher 
training from the perspective of their professionalization. Furthermore, although 
experiments have been carried out in secondary education, little work has been done 
to introduce virtual field trips in teacher training. This is the second innovative aspect 
of this project. 

Overall, our findings highlight the challenges and opportunities in transnational 
collaboration in teacher training. An interesting opportunity is that students from 
different places found a common interest in the chosen subject (i.e., water). Although 
the perceptions of the subject and everyday life created very different experiences, 
the results of this research show initial findings of cooperative international teaching,
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encouraging the motivation of young students to get to know one another, partici-
pate, and learn in this way. The common goals of teaching also led to overcoming 
difficulties and challenges, such as language and mentality differences. 

In the literature, Barrett (2018) has suggested various activities to promote inter-
cultural competence, which can also be applied to the university context, including 
Internet-based intercultural contact. To implement this, the activity we proposed 
encouraged personal, cultural, and national representations, for example, getting to 
know the students’ favorite foods, favorite music, etc. The message to future teachers 
is that teachers have to accommodate all of their students’ cultures. From a teacher’s 
perspective, these are categorized into four areas: organization, content, language 
and communication, and digital teaching and learning environments. Cooperative 
learning requires flexibility in guidelines and acceptance of differences, both among 
lecturers and students. 

The present study represents the first attempt to address issues relating to an 
international teacher training seminar. Nevertheless, the study also has limitations. 
First, the research is a case study that represents an example of collaborative work; 
however, it has no claim to general validity. Thus, a quantitative approach to the 
different dimensions of ESD could be an ideal topic for future research. Second, 
the research is limited by the differences in various guidelines and regulations for 
conducting studies among countries (e.g., for data collection). 

This project is an example of the internationalization of secondary school teacher 
training. It is part of a larger V-Global project for university students and teachers 
with the objective of developing ESD at universities. Furthermore, the virtual field 
trips served as tools to introduce ESD into the university curriculum through the 
development of blended learning. 
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Connecting Literature and Web Maps: 
Hungarian Writers and Poets Online 

José Jesús Reyes Nunez and Krisztina Irás 

Abstract The Erasmus+ KA201 project, “Biographical map library of European 
authors” (BIO-MAPS) started in December 2020 with the participation of three bilin-
gual secondary schools and three universities from Spain, Portugal, and Hungary, as 
well as a regional organization (EUROGEO). The project has three main aims: first, 
the making of an online library of writers and poets from the participating coun-
tries, which is written in Spanish and developed with a GIS-based technology freely 
accessible on the web. Second, an evaluation of the role that Geoinformatics plays in 
Geography teaching in each participant country. Finally, the mobility of secondary 
school pupils to test the literary routes designed according to the StoryMaps. In this 
chapter, authors describe in more detail the research related to the first two aims 
developed in Hungary, while focusing on their relationship with the Sustainable 
Development Goals adopted by the United Nations Member States in 2015. 

Keywords Literature ·Map · StoryMap · Secondary school ·Web · BIO-MAPS 

Introduction: Organizing the BIO-MAPS Project 

The organization of the current Erasmus+ KA201 project was developed in late 
2019 and early 2020. The San Roque Secondary School (Badajoz, Spain) contacted 
secondary schools in Portugal and Hungary, which were partner institutions in 
previous Erasmus projects, as well as a higher educational institution in each country 
and an international organization (Table 1). The project started on 31 December 2020 
and will be finished on 30 June 2023. Participant institutions decided to propose a 
project that combines school mobility with research activities to directly apply the 
results in secondary education.
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Table 1 Institutions and organization participating in the project 

Spain Instituto de Educación Secundaria San Roque (coordinator) 
Universidad Nacional de Educación a Distancia 

Portugal Escola Secundária Quinta das Palmeiras 
Instituto Politecnico do Porto 

Hungary Kispesti Károlyi Mihály Magyar–Spanyol Tannyelvű Gimnázium 
Eötvös Loránd Tudományegyetem 

Organization European Association of Geographers (EUROGEO) 

As the official language of the project is Spanish, the online library is also being 
developed in this language. This means that the online library can be used not only 
by any bilingual secondary school teaching Spanish in the participant countries or 
in Europe, but it can also be a helpful interactive material for secondary schools in 
Latin America. 

The main theme selected for the project was the online presentation of writers and 
poets from the three countries who met two main principles: they must be included in 
the national curriculum and at least one of their works has already been translated into 
Spanish. Consequently, the official title of the project is “Biographical Map Library 
of European authors (BIO-MAPS)”. However, this is not the only task planned by 
and for the participants: we also studied the current use or teaching of Geoinformatics 
in our secondary schools in order to make proposals for improving it as well as for 
organized school mobilities (literary routes) to test the online StoryMaps in practice 
created during the project. This chapter describes the research and activities carried 
out in Hungary. 

From the outset, Hungarian institutions involved in the project realized that results 
to be obtained during this research would significantly help to meet the majority of 
the Sustainable Development Goals (SDGs) adopted by the country as a member 
of the United Nations (UN) in 2015 (United Nations 2023). Among the 17 SDGs 
to be met by member nations, this project almost inherently makes a significant 
contribution to one of them: number 4, dedicated to Quality Education. However, 
during our working sessions, we were able to see that our results also contribute to 
other goals that are no less important, which provided further motivation to continue 
developing our initial ideas. 

Geography, Cartography and Geoinformatics 
in the Hungarian Secondary Schools 

One of the aims of the current project is to develop studies and proposals for 
the possible use of Geoinformatics (GIS)-based solutions as effective and trans-
disciplinary teaching tools in schools, and to determine their current presence in 
the curricula of each participating country. In order to achieve this objective, the
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Table 2 Geography and Literature in the Hungarian secondary education 

Secondary level 

Name Grades Ages Subjects Geography Literature 

Technical 
Education 

9 to 10 15 to 
16 years 

Subjects of the 
selected 
technical 
profession 

Not taught Not taught 

Vocational 
training and 
baccalaureate 
Secondary 
school 

9 to 12 15 to 
18 years 

– Subjects 
specific to the 
profession and 
general 
knowledge 
subjects 
(Humanities 
and Sciences) 

– General 
knowledge 
subjects 
(Humanities 
and Sciences) 

Grades 9 and 10 
For the university 
entrance, it is 
optional (depending 
on the targeted 
university degree) to 
take the 
baccalaureate exam 
in Geography 

Grades 9 to 12 
For the 
university 
entrance, it is 
compulsory to 
take the 
baccalaureate 
exam in 
Literature 

Hungarian team developed research to work out to what extent Geoinformatics is 
present in the curricula and used in classrooms, and what are the possibilities for its 
introduction in Hungarian secondary schools. 

In Hungary, the education is compulsory until the age of 16. The structure of 
the Hungarian educational system is as follows: elementary level from grades 1 to 
8 (ages 6 to 14) and secondary level from grades 9 to 12 (ages 15 to 18). Table 2 
summarizes the place of Geography and Literature subjects within the structure and 
type of secondary education. 

Elementary Level 

The Hungarian pupils begin to learn topics on Geography and Geography-related 
sciences in the Environmental Studies subject from the 2nd to 5th grades in the 
Elementary School. The subject is renamed to Studies on Nature in grade 6. Both 
subjects include knowledge related to Natural and Earth Sciences including not only 
Geography but also Biology, Astronomy, Cartography, Geology, etc. The teaching 
is helped with the use of a School Atlas specially designed for this level according 
to the guidelines determined in the national and framework curricula. 

Geography is taught as an independent subject in the 7th and 8th grades of Elemen-
tary School. In these two grades, the pupils can review some of the general concepts 
previously learned (e.g., those about maps), learn on Geography of Hungary, Europe, 
and the rest of continents, as well as general knowledge mainly related to interna-
tional economic and social processes. Teachers and pupils find that textbooks and
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workbooks use different types of graphic and cartographic solutions more systemat-
ically, e.g., visualizing data with complex charts (population pyramids and climatic 
diagrams among others) and diverse types of thematic maps (population, vegetation, 
precipitation, economic and social themes, etc.). 

Secondary Level 

Relationship Between Geography Competences, Geoinformatics 
and SDGs 

The competences and skills to be developed by the Geography teaching at secondary 
level are determined by the methodology proposed in the Hungarian National and 
Framework Curricula (Educational Office 2020). As mentioned in the introduction, 
this project makes a remarkable contribution to the fulfilment of the SDGs, especially 
number 4 (Quality Education), but also to other no less important goals. More specif-
ically, the contribution of Geography and Geoinformatics as unreplaceable tools for 
the economic and social development of a country is indisputable, and so they are 
also present in the solutions offered for the fulfilment of the SDGs. Nor should we 
forget the leading role that Literature and History play in this project, which broadens 
its social and cultural vision and thus its contributions to other SDGs too. 

Geoinformatics (regardless of whether it is taught or used as a teaching tool) can 
play a relevant role in the development of the following basic competences and skills, 
while laying the foundations needed to meet the SDGs: 

Learning competences: Geography (and Geoinformatics) contributes to the 
development of the ability to acquire and process information as well as to open-
minded thinking essential for understanding and comprehending our changing world. 
Its most important aim is making pupils able to identify and collect geographical, 
economic, social and environmental information in the real world (e.g., in the field) 
and from different (printed and digital) information sources (e.g., newspaper articles, 
graphs, maps, news, reference texts, pictures). Geography teaching (can be helped 
or completed by Geoinformatics) intends to promote the use of the acquired knowl-
edge in different areas of everyday life, to support the development of self-directed 
learning skills and self-development according to individual. Open-minded thinking 
is required to fulfil goals as numbers 1 (no poverty), 5 (gender equality), 10 (reduced 
inequalities), 12 (responsible consumption and production), 13 (climate action), 16 
(peace, justice, and strong institutions) and 17 (partnerships for goals), as well as 
data collection and processing are present in the achievement of practically all goals. 

Communication skills: The development of reasoned discussion based on the 
understanding of geographical information is a relevant skill. This development 
is supported by written and oral tasks requiring the interpretation of geographical 
information, including presentation tasks. In the last years, Geoinformatics has been 
developing interactive and online solutions for a multifaceted presentation of results 
obtained during its use not only for specialists, but also for the public. Communica-
tion skills are also needed for the successful presentation (not only for specialists,
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but for the public too) of results obtained in each of the SDGs outlined by the UN in 
2015. 

Digital competences: The learning-teaching process is based on the use of digital 
maps, GIS-based systems and/or applications, as one of the most important and 
indispensable elements in Geoinformatics. The individual or group research projects 
develop the ability to share knowledge online. The presentation skills can be also 
developed by encouraging the use of digital tools for the displaying of geograph-
ical processes. The use of digital tools is also a determining factor to achieve the 
SDGs, e.g., numbers 3 (good health and well-being), 6 (clean water and sanitation), 
7 (affordable and clean energy), 9 (industry, innovation, and infrastructure) and 11 
(sustainable cities and communities). 

Mathematical and thinking skills: The development of thinking skills (analysis, 
systematization, reasoning, and problem solving) is especially important in groups 
and then individually. Other important aim is to develop analogical, analytical, reflec-
tive and synthesis thinking, as well as developing creative thinking together with the 
pupils’ decision-making, reflection on alternatives, risk-taking, evaluation, reasoning 
and selection of the best solutions. All these options are implicitly included in the 
teaching and/or use of Geoinformatics and are needed for future specialists to be able 
to solve problems and tasks that arise in their working life, which is a prerequisite 
for the aims set by the SDGs to continue to be met beyond the year 2030. 

Personal and interpersonal competences: Geography (and Geoinformatics) 
contributes to the understanding and development of interest in the socio-cultural 
diversity of the world. The use of cooperative methods enables pupils to develop 
social skills too. These competences are vital in those goals directly related to social 
development, e.g., numbers 1 (no poverty), 2 (zero hunger) and 5 (gender equality). 

Skills for creativity, creative work, self-expression and cultural awareness: 
The exercises that require the elaboration (creation) of a product (e.g., a model, a 
presentation), either independently or in a group, contribute to the development of 
creative work and self-expression. Similar to mathematical and thinking skills, all 
these skills are fundamental elements in the training of those future specialists and 
in general of those members of society who make the achievements to be obtained 
in the SDGs a reality. 

Work, innovation and entrepreneurial skills: The learning about current socio-
economic and environmental processes through the modern geographical educa-
tion (and currently the modern geographical education cannot be conceived without 
the inclusion of Geoinformatics) is a determinant contribution to the pupils’ citi-
zenship formation. By introducing the successful actors of modern economic life, 
education contributes to understanding the role of innovation and the needs of the 
labour market, which in turn has an impact on the development of the skills of 
employees and employers. Sustainable environmental processes and development 
are main targets within the SDGs, making necessary the continuing education of 
the young generations in the importance of living in a world that is developing 
and simultaneously capable of being ecologically sustainable. SDGs as numbers 12 
(responsible consumption and production), 13 (climate action), 14 (life below water) 
and 15 (life on land) are typical examples of areas related to these skills.
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Geoinformatics in the Textbooks 

The Geography teaching is continued in the first two years (grades 9 and 10) of 
Secondary School. Grade 9 is essential concerning the general knowledge related 
to Cartography and Geoinformatics. The first chapter of the Geography 9 textbook, 
“Orientation in cosmic space and time” has 16 pages (Arday et al. 2020). The themes 
on Cartography and Geoinformatics are presented in the first sub-chapter, “Modern 
technique in cartography” from pages 8 to 11 (Fig. 1). This sub-chapter includes 
the following topics: remote sensing, types of satellite orbits, remote sensing in the 
practice (how it is used in meteorology, agriculture and protection of environment), 
our digitalized environment, GIS definition, use of GIS in mining, studies on ground 
water, urban development, navigation systems and business tasks. Some of these 
concepts are not explained in detail, which can be considered an invitation extended 
to the pupils (and teachers too) to collect more information about them, e.g., satellite, 
geostationary orbit, satellite image, GPS, Geoinformatics, GIS and remote sensing. 
All these topics are closely related to the achievement of SDGs too, as shown in 
Fig. 1. The text included in the figure is entitled “Our digitized environment” and 
briefly shows how Geoinformatics can provide solutions to different tasks not only 
related to the environment, but also included in many of the SDGs determined by the 
UN. Some of the specific examples are listed in Fig. 1: mining, underground water 
resources, region and settlement development. 

Fig. 1 Explanation related to Geoinformatics on page 11 of the “Modern techniques in cartography” 
sub-chapter (Arday et al. 2020)
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Fig. 2 Exercise using Google Earth on page 9 of the Geography 9–10 workbook (Arday 2021) 

The Geography 9–10 workbook follows the chapters of the textbook with the first 
four pages dedicated to the “Modern technique in cartography” sub-chapter (Arday 
2021). The exercises include questions related to Geoinformatics and GIS, its use in 
different branches of sciences, comparison between printed thematic maps and GIS 
maps, and maps with satellite images. Three exercises highlight the use of Google 
Maps and Google Earth to create simple maps and topographical cross sections, as 
well as to determine the geographic coordinates, the altitude and the distance between 
the pupils’ house and other places (Fig. 2). 

Teachers and pupils can also use in the classes school atlases created specifi-
cally for the secondary level, which follow the guidelines given in the national and 
framework curricula. The current official school atlas, School Atlas for secondary 
pupils (Balassa et al. 2021), is characterized by the use of more thematic maps of 
each continent, a more detailed presentation of the country using different types of 
maps (physical, political and thematic maps), as well as the replacement of the six 
introductory pages made for elementary pupils by twelve satellite images of different 
regions of the world at the end of the atlas, e.g., making a comparison of changes 
that occurred over a period of time (Fig. 3). In this way, the school atlas can also 
be considered an important contribution to understanding why the defence of the 
environment (together with other topics) can be considered a common denominator 
of the targets set by the United Nations with the SDGs.

Geoinformatics in the Current Secondary Teaching 

Based on the above description of the presence of Cartography and GIS in the Geog-
raphy textbooks and workbooks, readers can suppose that the basic conditions for 
teaching or using GIS and GIS-based solutions are ensured in the Hungarian educa-
tional system. The real situation is more complicated because two factors exert a nega-
tive influence on its implementation. The first one is a negative tendency observed in
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Fig. 3 Comparison of satellite images in the School Atlas for secondary pupils (Balassa et al. 2021)

the majority of European countries: the decrease in the number of hours dedicated 
to Geography teaching. This fact seriously hampers any attempt to incorporate any 
new content (e.g., Geoinformatics) into the teaching activities. The second factor 
is related to the difficulties with the GIS formation of teachers: the lack of time 
to develop lessons and the lack of practice of the teachers to use GIS in the class-
rooms were identified as determinant factors in different international projects, e.g., 
by Wheeler et al. (2010), Höhnle et al. (2011) and Singh et al. (2012). 

Therefore, it has become an urgent need in today’s geographical education to 
seek for other Geoinformatics-based (GIS-based) solutions that are easier for both 
teachers and pupils to assimilate. The current BIO-MAPS project aims to be an easily 
understandable and feasible option for teachers and pupils in all grades of secondary 
education (and in upper primary education). The selected authors and the content in 
general, as well as the online solutions that are applied for the visualization of the 
data, wish to go beyond the boundaries of traditional subjects to become a bridge 
that links them to each other. In this way, the StoryMaps can be used in subjects such 
as Digital literacy (grades 9–10), Geography (grades 9–10), History (grades 9–12),
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Literature (grades 9–12), Foreign languages (grades 9–12), History of Art (grades 
10–11), Civilization (grades 9–11) and Socio-cultural subjects taught in bilingual 
schools. 

Of course, teachers should pass a training course, but it will be much easier and 
less time-consuming than a “more traditional” GIS course. The training course can 
include basic digital literacy training, basic geo-computing skills and basics of the 
use of the recommended online platform, in this specific case ArcGIS Online. 

Creating a Biographical Map Library of Hungarian Authors 

Hungarian literature, looking back to a c. 800 year-long History, has always been 
one of the greatest pillars of Hungarian culture by preserving and developing the 
language. Therefore, school subject of Literature has an outstanding role in our 
primary and secondary education. 

For the “Biographical map library of European authors” (BIO-MAPS) project, 
organizers of the participant countries chose fifteen of their most important and 
internationally-nationally recognized writers and poets. Several aspects had to be 
considered in the selection process; for example, the authors’ life and literary 
work must be included in the national curricula. At the same time, the selected 
authors should represent both classical and contemporary era, they should repre-
sent male and female authors, and a special aspect in the selection of the Hungarian 
authors was to have translations into Spanish in high quality (Reyes Nunez et al. 
2022). The following authors (listed in alphabetical order by surname) meet all 
the above-mentioned criteria: Endre Ady (1877–1919), Éva Bánki (1966), György 
Faludy (1910–2006), Géza Gárdonyi (1863–1922), Mór Jókai (1825–1904), Imre 
Kertész (1929–2016), Dezső Kosztolányi (1885–1936), Imre Madách (1823–1864), 
Sándor Márai (1900–1989), Ferenc Molnár (1878–1952), István Örkény (1912– 
1979), Sándor Petőfi (1823–1849), Miklós Radnóti (1909–1944), György Spiró 
(1946) and Magda Szabó (1917–2007). During the selection of authors, Hungarian 
colleagues considered important to also include women writers and poets with a 
significant literary work, thus fulfilling the task set by SDG number 5 (gender 
equality). 

StoryMaps in Education 

A StoryMap is a complex, text-based form of online publication. It is created with 
the story authoring cloud-based application of ArcGIS called StoryMaps, which is 
free to access via internet after registration (ESRI 2022). Within the application, 
there are several in-built features to illustrate the text, e.g., linking videos and other 
multimedia elements, creating a timeline, photo gallery. The most important feature 
is the possibility to create or insert static and interactive web maps. All these features
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Fig. 4 Covers of the Hungarian authors in BIO-MAPS project 

provide information on a multi-channelled way about the topic. Our aim was to use 
these elements in the widest possible range to show all the ways we can approach 
literary topics through History and Geography. We planned to determine a theoretical-
conceptual standard for the structure of the StoryMaps in BIO-MAPS projects that 
would result in a certain structural commonality; but due to the diversity of life stories, 
of the nature of the works and of the material that is possible (and valuable) to share, 
it turned out that personalizing the StoryMaps to each author is more effective. The 
differences in content types and in quantity of available source material are the main 
reason of the diversity in the visual components and in the content components in 
the BIO-MAPS series (Fig. 4). 

A StoryMap is also considered one of the most powerful online tools for the 
multimedia-based communication of scientific results. Therefore, its use to publicize 
the results obtained in projects related to the implementation of the SDGs is also 
highly recommended, because it allows publicizing these results in a very didactic 
and easy-to-understand graphic language, which can easily attract the attention of 
the public. 

This series of StoryMaps is a new initiative to expand the collection of visual/ 
interactive aids of high school level of literary studies (De Lázaro-Torres et al. 2022). 
It works on two ways: StoryMaps can be prepared by teachers to illustrate and 
complement the lessons, or by students who are also able to create them as homework 
or other presentations. StoryMap editing and web mapping in ArcGIS online are 
easy for everyone, but they need certain self-education through tutorials, which are 
provided on the arcgis.com website.
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Data Collection 

A StoryMap is built up in three large work phases such as data collection, map 
making and StoryMap editing. Collecting data is the most important and the most 
time-consuming part of StoryMap making, where research needs to cover literary, 
cultural (even pop-cultural) and geographic areas (De Lázaro-Torres et al. 2021). It 
includes biographical data in the first place but with an emphasis on those geograph-
ical (georeferenced) data that connect an author to specific places where he lived 
and worked. Depending on the content of the author’s work in question, further 
important geographical data are those that appear in the discussed works (mostly 
in novels) because these allow us to create interactive maps on the content of these 
books. Research also targets visual material as well, such as original photos of people, 
places, books, and other objects (e.g., buildings, sculptures, paintings, manuscripts) 
included in the main text. Monotony of text reading can be broken with inserts of 
relevant video or audio material. A video file is also a great opportunity to present 
complete works with subtitles as for example the wonderful, animated adaptation of 
the Tragedy of Man (in the StoryMap of Imre Madách) by Marcell Jankovics. We 
can use videos to give only a tiny glimpse on the sound of a poem in its original 
Hungarian language, as a short poem recorded in a TV studio for Vers mindenk-
inek (Poetry for all) cultural series and professionally performed by an actor, as 
it can be seen in Endre Ady’s StoryMap. In this case, it was important to find a 
poem that has Spanish translation (placed right next to the video block), that is short 
enough for non-Hungarian speakers (not to make them feel bored or confused), and 
that was recorded in perfect quality (Fig. 5). Another example of using multimedia 
elements is a radio show broadcasted by the Spanish Radio Sefarad where György 
Faludy’s Spanish translator Alfonso Martínez Galilea is interviewed about Faludy’s 
world-famous novel My Happy Days in Hell.

Phase of data collection also covers a secondary task on searching for visual 
material to illustrate the cartographic material. StoryMap components like Map tour 
and Interactive maps allow the users to add photos, multimedia files and links to 
each map element. These details provide possibilities for the reader to connect the 
topic to the modern era and to place the events shown in the map into the modern 
environment (Fig. 6).

Map Making 

Maps per se are visual tools for telling stories. Effective and professional map making 
is based on deep research, because fundamental decisions on content, on scale, on 
background map, on graphic methods used in the web map and even on the number of 
maps can be made only by knowing the represented story in detail. Considering the 
communicative potential implied in the maps, their use is self-evident for the repre-
sentation of social and economic problems raised in the SDGs and results obtained in
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Fig. 5 Actor Attila Menszátor Héresz performing a short poem ( Őrizem a szemed /I guard your 
eyes/) by Endre Ady with Spanish translation on the left

Fig. 6 Pop-up blocks in large-scaled web maps provide information and visual material that cannot 
be discussed in the main text. Current map includes name, address, and photo of a café in Paris 
mentioned only in the main text
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projects developed to find solutions to those problems. Specialists can geographically 
locate the regions affected, e.g., by a natural catastrophe, pandemic or an economic 
crisis. They can use general maps and thematic maps in their analyses to find a solu-
tion for those situations and can also represent on maps the planned results of the 
proposed solutions. 

In the BIO-MAPS project, all the geographic data with their additional information 
are placed in in-built web maps of the Map Viewer tool on arcgis.com website. 
Different perspectives within an author’s “story” demand different maps. According 
to the structure of storylines, at least three types of maps are recommended. These 
are:

• An overview map of Europe or of the world: A small-scale map is useful when 
the author moved to other countries, or his/her travels were important for some 
aspects concerning life or work activities. This map only indicates the author’s 
movements and the countries he/she visited or lived in, as shown in Fig. 7. Other 
details are included in larger scale maps. 

• A country map in larger scale than the overview map is precisely prepared with 
all the data related to the author’s life. This is the map type where the typical 
biographical data are discussed with additional visual material (Fig. 8). Figure 6 
also shows this map type in an even larger scale to locate tiny details of the author’s 
life, like cafés and hotels where the author was a regular guest. This scale also 
allows us to place the locations of memorial elements, e.g., plaques, statues, grave 
site, streets named after the author and others; thus, we can show how the author’s

Fig. 7 Overview map about György Faludy’s movements in the World
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memory is kept alive. Besides all these, different extracts of maps in this scale 
range can be used as static figures in the StoryMap.

• A map illustrating one of the books written by the author if mapping the story 
is possible (Fig. 9). In the case of poets, inserting a large-scale map of the town 
where the author lived and got inspired is recommended. 

• Additionally, thematic maps or combinations of modern and historic maps could 
be also created, but it is important to keep focus on the author’s life and works.

Fig. 8 Country map showing the most important locations of novelist Mór Jókai’s life

Fig. 9 Locations of the earthly (purple), biblical (yellow) and imaginary (brown) scenes in the 
Tragedy of Man by Imre Madách
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Considering that future creators and users of maps in the BIO-MAPS project are 
not GIS experts or professional cartographers, but high school professors and pupils 
without cartographic experience, map design follows general-purpose maps and basic 
thematic maps. Background maps vary according to the scale: it is a general-purpose 
map (called National Geographic style) in small-scale overview maps, because this 
one resembles the most on school maps. World topographic map is used for medium-
scale country maps because this design facilitates the clearest data interpretation. In 
the case of large-scale city maps, any of them can be used, because their streets and 
blocks are properly designed for large-scale mapping. 

As the maps mostly show places with address, point type elements dominate the 
map symbology. “Points of interest” symbol set provides symbols that can relate 
to element types like place of birth, place of death, school, military service, impor-
tant holiday, favourite restaurant, or hotel, etc. In ArcGIS Online, it is easy to link 
additional information to each point that can be text, photo, media file or a web link 
(Figs. 6 and 8). The options offered by thematic map making are strongly limited, but 
it is recommended to create flow maps in cases where we have data on moving from 
a location to another. Static flow maps work with arrows, and we can add additional 
texts to them (Fig. 10). 

Fig. 10 Arrows indicating young György Faludy’s movement in Europe
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Editing a StoryMap 

Once authors have collected all the texts and multimedia elements, as well as have 
created the maps, they can step further to the phase of StoryMap editing. The goal is 
to create the most dynamic, attractive, and interactive composition of the above listed 
elements following the timeline of the author’s life and highlighting the outstanding 
pieces of his/her works. However, custom layouts can be designed; the authors used 
general templates to test the applicability and easiness for those users without any 
experience on HTML programming. Each StoryMap contains image galleries, videos 
and special interactive applications (e.g., swipe, slideshow, sidecar) besides the text. 
However, a StoryMap-specific feature named Map Tour has a prominent role, because 
this is the application where connection between the story and the locations (in other 
terms among Literature, History and Geography) is established (Fig. 11). Text, photo 
and multimedia can be linked to locations in a web map and the feature automatically 
guides the reader through the map. In the case of Endre Ady, we can follow the poet’s 
steps along the streets of Budapest, and in the case of György Faludy, who lived in 
four continents, the reader “flies” over a world map. This feature is the most effective 
tool to connect elements of the past to the present as we can see the locations on 
modern maps. In certain cases, when we need a less interactive map than a Map 
Tour, we can easily import a previously edited (thematic) map from the online map 
libraries of ArcGIS. 

Thinking about poetry, novels or authors, we admire their eloquence in expressing 
thoughts, their skills of pictorial or sensitive describing of the world around us, 
but we rarely think on the spatial aspects and the geographic relations that have 
fundamentally impacted on their words. A StoryMap is a great tool to shed light 
on the geographic initiation and environment of the greatest literary works, and this 
way it gives a new perspective to the education of this subject. All the StoryMaps 
created in the project are accessible on http://www.biomaps.eu/ and on https://arcg. 
is/1qSn80.

Fig. 11 Section of the map tour feature in ArcGIS StoryMap in editing mode 

http://www.biomaps.eu/
https://arcg.is/1qSn80
https://arcg.is/1qSn80
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Conclusions 

After studying the current situation of the presence of Geoinformatics in European 
secondary schools and specifically in Hungary, we can state that there are two trends 
that can be considered contradictory. The first positive trend is that authors are making 
an effort to ensure that Geoinformatics is increasingly present in textbooks related to 
Geography, so that both pupils and teachers can use it in the classroom as an effective 
tool to illustrate and diversify the teaching of Geography. However, at the same time, 
we cannot fail to mention a negative trend in a large majority of European countries: 
the decrease of hours dedicated to Geography teaching in secondary schools, which 
constitutes an obstacle for the introduction and learning of new technologies in the 
classroom. For this reason, we consider it important to look for simpler and easier 
GIS-based solutions that can be used in teaching, even if the time available is reduced. 

Based on the results and experiences collected to November 2022, authors can 
conclude that the online biographical map library offers numerous options to help 
and make effective contributions to teaching in secondary schools, as well as for 
learning activities that can be developed by the pupils. Current project also proved 
that the map, as the main tool produced by cartographers to represent any type of 
georeferenced data in Geoinformatics, is an unavoidable graphic-spatial solution in 
any didactic solution whose objective is the easy understanding of the represented 
content. Storytelling maps are innovative and engaging online solutions to present, 
teach and pay tribute to the literary heritage of a country in a more interactive way, 
thus contributing not only to its teaching in schools or to its use by students, but also to 
the popularization of the selected writers and poets out of the secondary schools too, 
while at same time constitute a modest but valuable example on the implementation 
of the Sustainable Development Goal on Quality Education among others. 

The project has studied the current options of using Geoinformatics as a tool in 
secondary education, as well as its teaching in schools. It has also been clarified 
how the introduction and use of Geoinformatics at secondary level can effectively 
support the future implementation and further development of the SDGs. The inter-
disciplinary work developed for the creation of the StoryMaps of European writers 
and poets reflects how collaboration between different branches of science is a key 
factor in the fulfilment of the 2030 Agenda for Sustainable Development. 
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Education, Geography and New 
Geospatial Technologies and Tools



Teaching and Learning Geography 
with a Web GIS Approach 

Joseph J. Kerski 

Abstract The advent of Web GIS tools, with their ability to collect, map, and analyze 
field data, to access spatial data as services covering a wide variety of scales, and to 
build web mapping applications such as dashboards and story maps, allows students 
of all ages to understand the SDGs and why they matter. This chapter discusses the 
societal, educational, and technological advancements that led to the advent of the 
modern Web GIS architecture. It then assesses the benefits of Web GIS in primary, 
secondary, and university educational institutions around the world. This chapter 
offers practical strategies in which the SDGs and other topics can be taught with 
interactive maps and analytics powered by modern GIS. Web GIS tools and spatial 
data can be effectively used in face-to-face, hybrid, and online instructional settings 
in geography. Furthermore, Web GIS is enabling the geographic approach to be inte-
grated in disciplines outside of geography—in mathematics, history, environmental 
sciences, civil engineering, language arts, data science, business, and beyond. 

Keywords Web GIS · SDGs · Geotechnologies · Fieldwork 

The Advent of Web GIS and Its Implications in Instruction 

Geography continues to face challenges: Inadequate grasp of the importance of the 
discipline in education, lack of societal awareness of geography’s ability to solve 
problems, slow uptake of innovative technological tools, and underused connections 
that geography offers to other educational content areas. The rigorous use of Web-
based Geographic Information Systems (GIS) technology and methods can elevate, 
strengthen, and connect geography in key ways. To teach with GIS is applying 
geography. 

Teaching about GIS and teaching with GIS began in the late 1980s in higher 
education, spreading to secondary schools during the 1990s. By the early 2000s, 
GIS had become embedded in most higher education institutions worldwide, largely
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in GIScience and geography programs (Kerski 2008). By the 2020s, it manifested as 
a diverse set of courses, degree and certificate programs, and as a key instructional 
tool in a widening array of disciplines. 

GIS not only endured numerous evolutionary changes in Information Technology 
(IT), from mainframe computers, microcomputers, personal computers, to web and 
mobile technologies (Sinton and Kerski 2020), but it thrived thought these changes. 
Each change brought new capabilities, applications, and audiences to GIS. During the 
evolution of GIS to the web, GIS increasingly connected with mainstream IT trends: 
cloud computing, machine learning, and distributed architecture. Web GIS hastened 
the adoption of spatial thinking in disciplines beyond geography. However, using GIS 
still embraces a unique set of research questions and methodologies: Its practitioners 
ask “whys of where” questions as they examine change over space and time at a 
variety of scales. Hence, “spatial” is still rather “special.” These simultaneous trends 
have a deep impact on how, when, and where GIS is taught and learned, worldwide. 

Because the world is complex, GIS, as a way to understand that world is also 
complex. Teaching GIS has thus depended on faculty skilled in these complex 
methods and tools, which are traditionally geography faculty. But because of its 
smaller number of and easier-to-grasp tools, ability to run online, and connec-
tions to data services, Web-based GIS expanded geotechnologies and geographic 
thinking in higher education, technical, community, and tribal colleges, and primary 
and secondary schools beginning in 2010. GIS simultaneously spread from stan-
dard introductory through advanced courses and “capstone project” courses to 
remote sensing programs, GIS coding, web mapping application development, spatial 
analysis, GIS systems administration, and others. 

Societal expectations about the value of and outcomes that education should 
deliver have changed. Education resulting in employable graduates is demanded, 
causing technical colleges, which focus on workforce development, to thrive. GIS 
became seen as a valuable skill set to empower students. Web GIS led to an increased 
demand for coding and systems architecture skills. Geotechnologies as applied, 
problem-solving tools increasingly integrate into other information technologies: 3D 
visualizations, Jupyter Notebooks, JavaScript, APIs and SDKs, statistics tools (R, 
others), imagery including drones, and augmented reality tools. GIS is now seen as 
important to universities offering new programs such as sustainability, data science, 
and geodesign. 

The COVID-19 crisis and ongoing global natural disasters made it clear that inter-
active maps, dashboards, and infographics are valuable decision-making tools and 
that geography was an important unifying framework. University health programs 
added “health informatics” courses. GIS became a key tool for ethical and socially 
responsible operations of modern businesses and integral to resiliency initiatives in 
planning, energy, and environmental studies. GIS was added to new courses and 
plays a key role in spreading the geographic approach and spatial thinking to a wider 
variety of disciplines in academia and in the workplace as never before. 

In secondary education, GIS is sometimes taught as a standalone course, substi-
tuted for advanced geography or coupled with a school’s computer and technology 
education (CTE) focus. In primary schools, GIS is mostly used as an instructional
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and content-rich map source in science, social science, and language arts. The analyt-
ical, problem-solving, critical thinking aspects of GIS are considered valuable for 
students at all ages (Kerski 2003; Jo et al.  2016). Primary and secondary educators 
typically must teach content according to their national educational content standards. 
Educators increasingly see that the rich data sets and tools GIS offers enable them to 
teach core concepts—change, scale, ratios, historical events, biomes—and are tied 
to these standards. The report from the US National Academies of Sciences (2006) 
lent support to the use of GIS in schools as did studies showing the effectiveness of 
GIS in learning (Schulze 2021). 

Web GIS also thrives within new educational delivery models. GIS-focused 
Massive Open Online Courses (MOOCs), from Penn State, Esri, and elsewhere, 
have attracted over 100,000 students who now consider maps as more than simple 
reference documents (where something is); rather, as analytical tools (why something 
is where it is). New methods of achieving an agreed-upon standard or degree, such as 
(micro)credentials and certificate programs, align with Web GIS. Instructors focus on 
specific tools rather than having to embrace all of GIS as they had to in the past. For 
example, field surveys, interactive maps, dashboards, and infographics are combined 
to study public art, water quality, noise, walkability, and other topics (Kerski 2021b). 
Lessons can be nimbly adjusted as technologies and institutions evolve. 

The rise of Learning Management Systems (LMS) supporting online instruction 
and increasing LMS sophistication for embedding multimedia such as web maps have 
widened the scope of GIS educational offerings. LMS and Web GIS are both cloud 
based and thus form the perfect union for many educators. Tools to visualize, classify, 
symbolize, and analyze data can be performed on any device, anytime, on standard 
web browsers (Manson et al. 2014). Maps, tools, and data are accessed, analyzed, 
and presented online. The cloud infrastructure eliminates the need to transfer files 
via physical media; mapping applications can be saved and shared, enabling collab-
orative learning. The integration of Web GIS and LMS tools proved to be critical as 
educational institutions shifted to online and hybrid during COVID-19 (Lukinbeal 
2022). Some institutions use virtualization software (VMWare or Citrix) so students 
can run GIS software on their own devices (Geraghty and Kerski 2020). Instructors 
increasingly viewed GIS as a resilient approach—suitable for face-to-face, hybrid, 
and online instruction. 

Why Is Web GIS Revolutionary in Instruction? 

During the 2010s, Software-As-A-Service saw tools and data migrating to the cloud. 
People streamed music, stored data online, and shared documents via services such 
as Google Drive and Dropbox. However, even more revolutionary than hosting music 
and documents in the cloud was the advent of cloud-based GIS. 

All issues of our twenty-first-century world—climate, hazards, social, equity, 
habitat, sustainable agriculture, human health, ocean acidification, water quality and 
quantity, energy, public safety, supply chain management, and others—are spatial in
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nature. These, including the UN SDGs, are complex, serious global problems that 
increasingly affect people’s lives. These problems transcend physical, political, and 
disciplinary boundaries, lending credibility to the use of GIS as an interdisciplinary 
toolset. Solving twenty-first-century problems requires collaboration enabled by Web 
GIS. It requires a wide diversity of thought leaders and practitioners, because every 
discipline asks the whys of where (Kerski 2019). 

In a Web GIS, data collection, mapping, and spatial analysis are performed in the 
cloud, on any device from tablet, laptop, to smartphone, nothing to install, requiring 
only modest bandwidth. Data as services through portals, ArcGIS Hubs, and other 
data provisioning technologies provide instant access to spatial data, scalable from 
local to global, on themes from agriculture to zoology (A to Z). Sharing maps and 
layers fosters collaboratory group work. Field tools allow data to be collected via 
crowdsourcing, then mapped and analyzed within Web GIS. Students and instructors 
can move from collection to analysis for invasive species, water quality, litter, histor-
ical homes, or other phenomena they wish to study. Multimedia web mapping appli-
cations enable the communication of research using these same tools. Story maps, 
dashboards, and infographics are configured in drag-and-drop mode, fed from real-
time data streams, and shared. As they blur the lines between maps and visualizations, 
these tools expand the array of educators using them. These tools fit perfectly into 
peer-to-peer and student-to-instructor presentations, student portfolios, assessment 
instruments, and community communications tools beyond the classroom. 

Past complex desktop software with challenging user interfaces and user experi-
ences required much time and effort to master. Trailblazing educators forged through 
these challenges by creating lessons, textbooks, and professional development oppor-
tunities. Web GIS changed instruction—decreasing the time required to become 
confident in using tools. Web GIS as a platform made it possible for professionals 
in any field—including education—to include GIS on their toolbelt alongside other 
tools. 

Web GIS enables researchers, instructors, or students to use specific components 
of the platform pertinent to their needs, unlike the past where all of GIS had to 
be mastered. Certain fundamentals remain important—symbology, classification, 
modeling, map projections, and metadata. When, for example, business instructors 
seek to use GIS to teach vehicle routing, map consumer behavior, or determine drive 
times to competitors, tools such as Business Analyst Web can be used in marketing, 
risk assessment, or supply chain courses. 

GIS is not simply a way of sharing of spreadsheets and maps. Web GIS allows 
sharing source data, methods, and results. Data is typically not shared when research 
is published (National Academies of Sciences 2018), hindering scientific advance-
ment. Web GIS empowers the open science movement. Web GIS brings the “big 
data” world with feature services, maps, imagery, 3D scenes, and real-time data 
feeds. While licensing and open access policies still vary around the world, the 
data-as-services model means that more time can be spent on analysis, rather than 
downloading and manipulating data. 

Web GIS changes how hands-on exercises can and should be structured and deliv-
ered. GIS instruction long depended upon step-by-step scripted lab exercises laden
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with screenshots, because these were the only resources available for students to 
work through tools and problems. Web GIS allows students to learn more quickly, 
using videos, graphics-enriched documentation, hands-on activities, and the online 
GIS user community. Modern GIS tools are more intuitive, reducing the need for 
over-scripted activities. Because modern Web-based GIS updates often, instructors 
will be trapped in a never-ending curation cycle if these are tied to screenshots and 
tools. One solution is assigning students a problem and directing them to relevant 
data in brief, focused lessons. 

Web GIS is a leap forward for sharing content. When GIS relied on standalone 
workstations, the challenges of sharing and processing large spatial data sets relegated 
much instruction to GIS labs and to higher education. Graphics cards had difficulty 
rendering maps; imagery was often too large to fit onto physical storage devices. 
To access the education community’s wisdom, one had to “know people” via online 
networks or conferences. Web GIS encourages the tenets of Community of Practice— 
a common domain of interest with a commitment to that domain, wherein participants 
learn with and by each other, where members are practitioners, producing a shared 
repertoire of resources (DeMers et al. 2020). 

Changing expectations of society, institutions, and instructors are changing 
teaching GIS methodologies and approaches. An oft-heard complaint about GIS 
instruction is that it focuses on “buttonology”—about teaching tool X using version 
Y software. The long-time focus on teaching tools was understandable because the 
tools were challenging to learn, but Web GIS is changing this as well. Calls are heard 
to “stop teaching GIS” and instead “teach how to learn GIS” (DiBiase 2018). 

Yet the “line” between teaching about GIS and teaching with GIS was always 
blurry. Even when collecting data required much time, instructors were keen to 
teach “higher goals.” Higher goals of teaching core geographic concepts about water, 
business patterns, or climate mesh well with GIS instruction: GIS always involves 
the use of real-world data about the Earth. GIS is a tool for solving real problems 
in real places. Thus, when instructors teach about proximity analysis, they use real-
world data—buffering rivers into riparian zones for planning urban greenways or 
wetland protection. Points are geocoded so that students can view results as store 
sales volume, traffic accidents, or earthquakes. 

Hence, instruction with GIS has always encouraged geoliteracy: The “geoliteracy 
stool” (Fig. 1) is held by content knowledge, skills, and the geographic perspec-
tive. Content knowledge encompasses core disciplinary theory, tenets, and themes. 
Geography is the most natural fit for Web GIS, given geography’s focus on space, 
place, patterns, and the dynamic Earth. Content knowledge in geography includes 
scale, cycles (carbon, water, others), the interconnectedness of Earth spheres, climate 
and weather, population dynamics, energy, water, and natural hazards, human–envi-
ronment interaction. Skills include geotechnologies (projecting, georeferencing), 
applying spatial statistics, and communicating using maps. The geographic perspec-
tive includes the ability to ask questions, frame problems, synthesize information 
about change, and articulating recommended actions. Hence, GIS instruction is never 
just about tools or skills.
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Fig. 1 Stool of geoliteracy 
(Kerski 2019). Source Joseph 
Kerski 

Web GIS has further changed instructional methodology for two groups: It enables 
instructors teaching GIS to devote more course content to analysis, rather than 
preparing data or teaching software. It enables geography and other instructors to 
use GIS as an instructional tool. Instructors use interactive map layers in the ArcGIS 
Living Atlas of the World and other libraries to tie potential sea level rise to population 
density. Students use trace downstream analysis to understand hydrologic systems. 

Teaching with Web GIS is conducive to problem-solving learning environments 
using real data (Milson et al. 2012). Challenges remain: Data is often messy, laden 
with uncertainty. Teaching with Web GIS requires instructor comfort posing “what if” 
questions with multiple answers. Teaching with Web GIS means using a professional 
toolkit in instruction. Instructors must also have “Plan B” when a needed map layer is 
slow or offline. Instructors must also be comfortable “learning alongside” the students 
when working with new, unfamiliar tools. Another challenge is the continued rapid 
evolution of GIS, such as 3D voxels and LocateXT for unstructured data. 

Geography’s contents—dynamic, addressing real-world issues, scale-dependent, 
its high-tech nature, and its holistic approach—are all supported by the rigorous use 
of Web GIS in instruction. How can Web GIS be most effectively taught and learned?
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Approaches and Best Practices to Address Key Challenges 
in Geography Through Web GIS 

Which Web GIS tools and applications should be included in the geography 
curriculum, where should they be included, and how should they be taught? These 
can be answered in part by investigating the approaches in three courses that use Web 
GIS—cartography, physical geography, and cultural geography. Each course builds 
student content knowledge, skills, and geographic thinking in a sequenced manner, 
adhering to methods advocated by Bednarz et al. (2013). 

Web mapping applications (https://livingatlas.arcgis.com/en/apps/) provide 
excellent introductory tools, rich content, and engaged immersion without sign-in. 
These include the ArcGIS Wayback imagery, where high-resolution satellite imagery 
over a 10-year time period can be compared using swipe and playback tools, and 
the Landsat Explorer app, where 50 years of deforestation, urbanization, agricul-
ture, construction, and other natural and human causes can be compared. The Water 
Balance app can be used to compare precipitation and evapotranspiration across 
20 years from the Sahara to the Amazon. The Living Atlas indicators of Planet Earth 
(Fig. 2), which provide a monitor or “heartbeat” of many variables in real time—wild-
fire, air quality, cyclones—(https://experience.arcgis.com/experience/003f05cc447b 
46dc8818640c38b69b83) can serve as a weekly check on the state of the planet 
throughout the semester. 

Next, the ArcGIS Online (www.arcgis.com) 2D map viewer and 3D scene viewer 
can be used to access, symbolize, classify, filter, and share geographic data. 

An advantage of teaching with Web GIS is that the tools can be scaffolded. 
Students begin with existing content and then build their own content. For example, 
existing story maps such as the “Age of the Anthropocene” can be used as engaging 
multimedia content. Then, students can be asked to build their own story map on a

Fig. 2 Examining major indicators of Planet Earth in real time. Source Esri 

https://livingatlas.arcgis.com/en/apps/
https://experience.arcgis.com/experience/003f05cc447b46dc8818640c38b69b83
https://experience.arcgis.com/experience/003f05cc447b46dc8818640c38b69b83
http://www.arcgis.com
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theme according to a prescribed lesson and present their findings about tsunamis of 
the Pacific. Asking students to build their own story map as a first activity exposes too 
many choices and uncertainties, from “what should I create,” to “do I have permis-
sion to use image x” to “how do I create the web maps to embed in the story map?” 
The scaffolded approach enables students to understand how the Web GIS platform 
fits together before they construct their own maps and apps. After a short time on 
foundational activities using these intuitive tools, students are ready to create their 
own maps on a topic of their own choosing. 

The same approach can be done with field survey tools such as ArcGIS Survey123. 
In the first week of a course, students are asked to fill out a survey about their 
attitudes about geography or to collect species, height, and condition of 3 trees on 
their campus. Later, students are asked to create their own survey of something they 
care about using Survey123, collect data into their survey, and share their survey with 
2 other classmates. Thereafter students map their survey results and build a dashboard 
that indicates, in real-time, historical homes, weather, noise, or other attribute they 
collect in their survey. The same approach works with ArcGIS Online: Work first in 
the platform without signing in, and follow this with spatial analysis where a signing 
in is required to analyze and save results. 

Spatial analysis tools can be introduced later: Routing, overlay, and aggregating 
points change students’ views of maps from what is where to why things are where 
they are. The focus is on geographic relationships, patterns, and trends. Unlike in the 
challenging “desktop only” days of GIS, Web GIS analysis functions are accessed 
from a browser menu as wizard-driven tools with intuitive prompts, such as, “With 
what distance would you like to buffer the river to create a riparian zone?” 

Each issue examined through Web GIS should be performed not because the 
technology exists, but because the technology is used to foster meaningful inquiry. 
And because of the media and data fluency that these tools and methods foster, spatial 
skills instruction in geography can also improve outcomes in science, technology, 
engineering, and mathematics (STEM) as well (Sorby et al. 2018). 

An introductory geo-visualization and cartography course (https://experience.arc 
gis.com/experience/61b85d6e210b4dae8844ba534de183da/) that the author created 
shows how to integrate Web GIS in instruction. The 30 videos, 250 pages of read-
ings, 50 activities, 7 quizzes and answer keys, and final implementation project make 
use of ArcGIS Online as the primary toolset, plus Gapminder for analyzing demo-
graphic change over time, Worldmapper for analyzing agriculture and other variables 
via cartograms, ColorBrewer for choosing map colors, plus additional tools provide 
engaging hands-on activities. This course focuses on analyzing patterns and relation-
ships, and uses Web GIS to present content: Each week is comprised 4 ArcGIS story 
maps—readings, hands-on activities, quizzes, and quiz answers. The story maps are 
stitched together using the ArcGIS Experience Builder. 

The course also uses content maps (Fig. 3) to help guide students in each week’s 
work. Each content map contains content, skills, and societal issues. Cutting across 
are themes covered in the readings and activities.

The big data section illustrates how readings and discussions are tied to interactive 
hands-on activities. The readings and discussions support the course’s objectives of

https://experience.arcgis.com/experience/61b85d6e210b4dae8844ba534de183da/
https://experience.arcgis.com/experience/61b85d6e210b4dae8844ba534de183da/
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Fig. 3 Sample content map for Week 4 of a cartography and geo-visualization course. Source 
Joseph Kerski

ways that maps and geovisualizations provide a common language and framework 
for communication and solving problems, analyzing data spatially, including mean 
center, and identifying how society influences mapping, and how mapping influences 
society. Students consider how storing information changed over time, and how GIS 
handles big data. Students work with a large geodatabase of every building (Fig. 4), 
learning how the layer was extracted from imagery and segmented using Deep Neural 
Networks via machine learning and artificial intelligence.

After students add buildings from a GeoJSON file to ArcGIS Online, they assess 
spatial accuracy by comparing the building outlines to satellite imagery and evaluate 
the completeness of the building attributes. Later, students describe how they will 
implement what they have learned. 

A key course goal is to foster critical thinking about data. Students read sections 
of a public domain data textbook and blog (https://spatialreserves.wordpress.com), 
asking: Where can I find geospatial data? How can I know if I can trust that geospa-
tial data? What are key societal issues surrounding spatial data—ethics, location 
privacy, positional accuracy, and scale? Today, where everyone is a map user and 
a map creator, fostering critical data thinking is important in every course. Instead 
of providing students with canned “perfect” data sets, work with real data and real 
portals. Students are challenged with difficult data portals but express end-of-course 
gratitude that they dealt with real-world uncertainties. 

A physical geography course created by the author, presented as a story 
map, (https://storymaps.arcgis.com/stories/dc91fa76f21649d5b8f34df8eeae2849), 
provides a second example of how Web GIS tools and data can be used to teach 
core topics (geomorphology, agriculture, weather, ecoregions) and themes (spatio-
temporal change, scale, systems thinking). The course uses 2D and 3D maps for

https://spatialreserves.wordpress.com
https://storymaps.arcgis.com/stories/dc91fa76f21649d5b8f34df8eeae2849
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studying geomorphology. Students investigate ecoregion locations by examining 
proximity to oceans, latitude, and elevation using layers in ArcGIS Online. They use 
the ecological marine units explorer (Fig. 5) to investigate water quality variables 
from ocean surface to floor at 10-km resolution and the green infrastructure asset 
finder for ideal locations for plant and animal species studies using slope, elevation, 
direction of slope, and land cover. They integrate mathematics and geography to 
determine direction and distance that water travels from their campus to the ocean. 
They use real-time feeds (river height, weather, wildfire perimeters); they use spatial 
analysis tools to determine which regions are susceptible to both landslides and 
floods. They study data in the field using Survey123 in physical geography, collect 
data, map the results using ArcGIS Online, and create a dashboard that includes 
gauges and charts. Patterns in land cover versus soil erosion or temperature versus 
proximity to coasts can be detected. Variables are filtered, sorted, and summarized 
within a table and the map features associated with those attributes are examined 
on the map. These include the deepest earthquakes over the past week or lakes in 
the students’ region with the lowest pH. Through these activities, students learn 
content, develop mapping and analysis skills, and apply the geographic perspective 
to understand change over space and time.

A cultural geography course presented as a story map, https://storymaps.arc 
gis.com/stories/3c606dfa01c04f44ac37cc1279cefae0, provides a third example how 
Web GIS tools and data can be used to teach core topics (here, population change, 
land use, energy) and themes (temporal and spatial change, scale, systems, patterns). 
Students investigate incoming and outgoing migration using a 3D web map, exam-
ining push and pull factors. They use 3D globes to learn about population density, 
patterns, and proximity to coastlines. Using Urban Observatory, students compare 
age, land use, population density, and other variables across 100 cities around the 
world. They use ArcGIS policy maps to investigate racial equity and social justice 
using home ownership, historical redlining, and other variables for selected commu-
nities. Students investigate cultural regions through multimedia story maps, including 
music archives and the digital humanities collection. Students study population 
through the US Census Bureau’s county flows mapper, (Fig. 6) and maps showing 
in-migration and out-migration.

Using spatial analysis tools, considering the electrical grid, population, and wind 
speed, students determine the optimal location for a wind farm. They study walkable 
neighborhoods around the world and in their own community through a crowdsourced 
field survey. They create photo tours of their campus using the Mapillary application. 
Through these investigations, students learn content and develop mapping, analysis, 
and communications skills, applying the geographic perspective to understand spatio-
temporal change.

https://storymaps.arcgis.com/stories/3c606dfa01c04f44ac37cc1279cefae0
https://storymaps.arcgis.com/stories/3c606dfa01c04f44ac37cc1279cefae0
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Addressing Key Challenges in Geography with the Benefits 
of Web GIS 

Working with GIS offers many benefits to teaching and learning geography. “Doing 
GIS” is not “just making maps,” but to help understand patterns, relationships, and 
trends. Understanding, not mapping, is the goal: Understanding the planet and its 
people in a deeper, richer, more holistic way, leading to the goal of taking action 
through the smarter decisions that result from that understanding. As TED founder 
Richard Saul Wurman said, "Understanding precedes action." 

The first benefit that Web GIS offers is spatial thinking. Sometimes called graphi-
cacy, scholars have argued its importance alongside numeracy, articulacy, and literacy 
(Balchin, 1971). Maps have always been appealing conduits of large amounts of 
information in small spaces. This space was always constrained in the past by 
physical media—stone tablets, wood blocks, silver plates, silk, film, and paper. 
Today’s digital maps are all around us, embedded in dashboards, story maps, text, 
video, and multimedia. They are viewed as 2D and 3D representations, with time 
viewed through animations and space–time cubes. Spatial thinking is key to under-
standing the increasingly interconnected, complex world, and to solve problems, and 
is enabled through GIS. Through GIS, students consume maps created by others, but  
also create their own content, connecting with the creative process: Students are 
active learners using GIS. They perform some of the same work with the same 
professional tools that a climate scientist uses when analyzing climate data, a biol-
ogist when examining ecoregions, or a demographer when investigating population 
trends. They are not simply reading and responding—they are doing. 

Spatial thinking through Web GIS fosters holistic thinking—seeing the world 
as more than just the sum of its parts—a system of systems—the biosphere, 
lithosphere, atmosphere, hydrosphere, cryosphere, and anthroposphere—the human 
sphere. Spatial thinking fosters understanding key Earth cycles (the carbon cycle, 
the hydrologic cycle). How? Students “see through layers” of data not just visu-
ally but by creating multivariate maps, flow maps, and 3D scenes, which foster the 
understanding the connectivity between scales, variables, and themes, and how those 
elements change over space and over time. 

Web GIS offers the benefit of critical thinking: About data, methods, and maps. 
Students cannot help but grapple with questions as they work through GIS-based 
lessons and projects: What difference would changing themes, resolution, time, or 
scale make in the final analysis? Or changing the data source to one collected by 
a different organization? Or changing the arithmetic expression to affect the map’s 
appearance? Or using erase rather than union to affect the final sites? Can I trust 
this map to help me make decisions? Is this map or layer suitable for my project? 
What are the inherent errors, from map projections or missing attributes? How can 
I manage this error? 

The third benefit that Web GIS offers is Problem-based Learning (PBL). GIS 
was created to solve problems, and this remains its chief use today. Teaching with 
GIS helps students frame, visualize, and grapple with problems. It enables students
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to craft solutions to the UN SDGs. PBL implies active learning: GIS is a natural 
fit: Students become actively engaged as scientists, planners, and other professional 
decision makers. Students are not just learning about supply chains or fisheries; they 
are doing supply chain management and habitat analyses. Students learn by actively 
engaging in real-world and personally meaningful projects. Using GIS, students 
can choose projects and problems that they see that are complex, serious, and need 
addressing. These may be at the local level (historical preservation, litter, water 
quality) or global (health or climate). Given the interactivity of Web GIS, students 
can analyze topics at the local and at the global scale in one interface, often with 
scalable data. Then, they understand that global SDG and other issues often affect 
lives and places at the local scale. GIS fosters skills in initiating and managing 
projects, and integrating systems that these projects entail. 

The fourth benefit of instruction with Web GIS is fostering geographic and scien-
tific inquiry. Inquiry involves asking questions, gathering data, assessing data quality, 
evaluating methods, analyzing results, making decisions and recommendations, and 
taking action. This sparks additional questions, continuing the process. GIS has 
always been "a thinker’s tool," requiring students to ask questions. A good map 
teaches students to ask a better, more thoughtful, question: “What if the area south 
of the city is examined instead of north? What if the scale is changed from neigh-
borhood to postal code? What if I change the classification from quantile to standard 
deviation? What if I change the variable from dissolved oxygen to conductivity?” 
One of the appeals of using GIS is that some of the deep questions students ask 
when using it cannot easily be answered. Asking questions leads to tenacity and 
problem solving. Those who ask meaningful questions are the type of employees 
who employers want to hire to help their organizations meet their missions. 

Fifth, teaching with Web GIS fosters data fluency (Jukes et al., 2010). Fluency 
conveys lifelong learning, such as becoming so in a language. The five fluencies are 
solution fluency, whole brain thinking (creativity and problem solving), informa-
tion fluency (accessing digital information sources to retrieve information and criti-
cally evaluating the quality of information), collaboration fluency (cooperating with 
partners to create original digital products), creativity fluency (artistic proficiency 
through design, art, storytelling), and media fluency. Media fluency is the ability to 
look analytically at communication media to interpret the message, determine how 
the chosen media shapes thinking, and evaluate the message’s efficacy and the ability 
to publish original digital products matching the media to the message. Students using 
GIS engage in all fluencies (Kerski, 2015). Students access and evaluate real-time 
data feeds, images, maps, photographs, and layers, from many sources. With commu-
nity data portals such as ArcGIS Hub, and Internet of Things (IoT) real-time feeds, 
and students’ ability to collect their own data, there is no shortage of data to map and 
examine. Creating story maps requires creative fluency, using photographs, maps, 
audio, video, and text. Thinking critically fosters media fluency which helps in many 
aspects of modern life. One way to engage students is to begin with personal compe-
tencies on the Geospatial Technology Competency Model (DiBiase et al. 2010) from  
the GeoTech Center: "Are you organized? Are you ethical? Can you work with data?”
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The sixth benefit of teaching with Web GIS is building community connections. 
GIS is used for global problems (climate, education, water, other UN SDGs), but it 
can also be used to engage with local issues (planning a new bike trail, nurturing 
community gardens, tackling traffic accidents or graffiti). To understand different 
stakeholders’ needs in these projects, the community is required. Students can present 
their results using GIS to local authorities. 

Fieldwork is the seventh benefit fostered using Web GIS. Methods, data, and 
getting outside are a routine part of professional research projects and can be readily 
incorporated into schools and universities. Fieldwork is essential to understanding 
the changing world and local communities, and is essential for nurturing an “Earth 
Ethic”—a caring for the planet. Successful fieldwork involves planning, executing, 
and analyzing results. It hinges on organized project planning, dealing with uncer-
tainty, incorporating high and low-tech methods, and dealing with data—the units that 
will be used, variables, data tables, images, geodatabases, and maps. It may involve 
collaborating with community groups to access lands or to garner their support and 
participation. ArcGIS Survey123, iNaturalist, noise apps, or Artificial Intelligence 
(AI) enabled apps to identify plant species or bird calls are used. Resulting data is 
brought into the Web GIS environment for spatial analysis. Fieldwork was an inte-
gral part of the Data Citizens Project (Kerski 2021a), where students mapped storm 
drains and learned about their community’s water treatment. Even fieldwork limited 
to the school or university campus involves observing with technology but also with 
one’s own senses. It is key to overcoming “nature deficit disorder” (Louv 2008). 

Using Web GIS offers the eighth benefit of helping students to blaze their own 
career pathways. “Are we ever going to use this after we get out of school?” is an oft-
heard question. While instructors should not use Web GIS in education just because 
it is in workplace demand, GIS provides students with key career skills that will never 
"go out of style." Students who use GIS become valuable employees for nonprofit, 
academia, government agencies, and industry. They make decisions, work with data, 
and see things holistically. The "Whys of Where" will be asked in all workplaces 
given ever-increasing pressures on our planet. Sustainability and resilience will be 
in every organization’s plan, and GIS will have a key role. Students’ behavior tends 
to be more professional with the awareness that they are using the same tools as are 
used in the professional community (Kerski 2021b). 

The use of Web GIS also offers the ninth benefit of helping students gain content 
knowledge. When an educator teaches with GIS, they are teaching core content 
knowledge. GIS was never about "buttonology”—memorizing where tools are on 
the interface. Understanding how to use GIS is important, but the focus should 
always be on the data that is at one’s fingertips. Every GIS workflow is backed by 
real data, and so educators teach plate tectonics, ecoregions, climate, hydrology, 
transportation, energy, historical events, or other aspects of the natural and human-
built world. GIS is fundamental to science, social science, and many other fields. 
Students learn content in fields such as data science, biology, mathematics, history, 
and others in addition to geography and environmental science. This will accelerate 
as GIS expands to fields such as health, business, civil engineering, humanities, and
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sociology. Students learn about cause-and-effect and human–environment interac-
tions upon health, supply chain management, building energy efficiency, and other 
topics in those disciplines. In “teaching GIS” and “teaching with GIS” approaches, 
content knowledge is acquired more rapidly than memorizing large volumes of infor-
mation, because students actively engage with the data and methods as a practicing 
professional. 

The use of Web GIS also offers the tenth benefit of helping develop “students as 
change agents.” Students empowered with the geographic skills, content knowledge, 
and geographic perspectives gain the confidence and ability to become change agents 
in their future. Given many examples in schools (Fitzpatrick 2020) and in a commu-
nity college (Kerski 2019), students already are change agents even before they 
graduate. GIS also enables young women and other underrepresented populations to 
step into technology-based careers. Educators from primary to university level and 
those in informal educational settings (museums, libraries, after-school programs) 
have affinity for using GIS because it embodies why they all became educators in 
the first place—making a positive difference in the world through caring, engaged 
students. 

The 10 Most Important Strategies in Teaching Geography 
with Web GIS 

What are 10 key strategies, or approaches, for teaching with Web GIS in an effective 
manner that engages students? 

First, instructors should anchor the use of Web GIS anchored to their program 
goals. Instructors are not teaching GIS so that students will simply become more 
proficient with GIS. Rather, instructors foster critical thinking, data fluency, spatial 
thinking, communication skills, community connection, field method proficiency, 
and more. GIS skills are important, but maps are a means to a greater goal of 
understanding and taking action. 

Second, instructors should make their instruction with Web GIS holistic. The  
geographic perspective through GIS fosters consideration of the lithosphere, hydro-
sphere, biosphere, atmosphere, and anthroposphere as a complex, interacting “system 
of systems.” Instructors cannot model the world in all its complexity in any single 
lesson or even a single course or program. Researchers spend their entire careers 
trying to understand even small aspects of the Earth system. However, instructors 
can ensure that their courses invite students to consider the “bigger picture.” Deci-
sions in one sphere cause ripple effects, positive and negative, in other spheres. 
With multivariate maps and visualizing themes across 3D scenes and across time 
periods through swipe and animation tools, instructors can foster holistic viewpoints 
given weekly themes such as “water” or “hazards.” Because of the interconnections 
between natural systems and human-built systems, GIS helps students understand
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patterns, relationships, and trends. By varying the themes studied, students emerge 
with a sense that “everything is spatial” and interconnected. 

Third, instructors should make their instruction with Web GIS focused. Focus 
each week or another period of time on a problem in one sector of society. Crime, 
energy, water, historic or sacred structures, biodiversity, land use, climate, urban 
forms, hazards, social, racial, and economic inequalities, land use, agriculture, trans-
portation, utilities, and supply chain management provide many examples. Focusing 
readings, videos, discussions, and activities builds content knowledge around specific 
knowledge domains. Doing so over time also helps students realize that GIS and 
the spatial perspective are relevant to every twenty-first-century problem faced by 
humanity. 

This focused advice does not conflict with the holistic advice because instructors 
can include thought-provoking questions to students in online discussion boards, 
face-to-face conversations, and quizzes that "go beyond" the lesson. On siting a 
business using GIS, ask, “If you were really doing this site selection as a consultant 
for this specific convenience store chain, what other data would you consider?” 
In this activity, students use traffic volume, demographic characteristics, consumer 
preferences (with fuel and lottery tickets figuring prominently in convenience stores), 
and drive times to competitors to determine the ideal location for a convenience store. 
This question helps students to consider additional variables such as zoning, left turns 
vs. right turns, employment centers, and commuting patterns. 

Instructors should ask similar types of questions during other lessons: “If you were 
really doing this study as a consultant, what other variables would you pursue?” These 
questions encourage students to think about other aspects of the physical or cultural 
environment and that the world is complex with variables that change over space and 
time. It also reminds students that in their own future workplace, time, budget, and 
staffing will always cause constraints to factor into problem solving. 

Fourth, instructors should make teaching with Web GIS multiscale. Most pressing, 
relevant issues, including the UN SDGs, are global in nature and foster planet-scale 
investigation. For maximum student engagement, focus some Web GIS activities on 
one’s own community. Students may have never been asked what they care about 
in their community; many may feel as if they do not have a voice. GIS infusion 
represents an opportunity for them to start investigating and start caring about a 
skateboard park, urban greenway or garden, historical sites, dangerous intersections, 
handicapped access, or other issues in which they care about and want to take action. 
Many of the lessons in the ArcGIS lesson library (https://learn.arcgis.com) can be 
modified for one’s own area. 

Fifth, make instruction with Web GIS varied and interesting. Interested instruc-
tors strongly influence student engagement. By varying the instructional methods 
used, including online discussion boards, active assessments including presenta-
tions with using story maps, hybrid and face-to-face meetings, embedding maps in 
videos or dashboards, using interactive quiz tools such as Kahoot, mixing video and 
audio, group vs. individual projects, and courses remain lively and fresh. And even 
though using GIS is “not just about the tools,” ask students occasionally to investigate

https://learn.arcgis.com
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engaging, fun maps (such a map of “hats around the world”) or new GIS visualization 
(such as the Mars 3D viewer). 

Sixth, make instruction with Web GIS relevant. Given serious, daily issues, this 
strategy may be the easiest strategy of all to incorporate. Creating a short lesson from 
a current event is a powerful way to keep courses interesting, timely, and relevant. 
Employ “GeoNews” in which a team of students in a newscast format presents a 
topic currently making headlines, using interactive maps. 

Seventh, make GIS instruction field-based. Geography is field driven and inher-
ently tied to space and place. Working with maps, satellite imagery, and visual-
izations can help foster “topophilia” (Tuan, 1990). Students can immerse in real 
spaces, using their own senses. Therefore, include activities where students collect, 
map, and analyze something in the field–invasive plant species, light poles, trees 
(species, height, and condition), or other themes. Analyze something that changes 
often (noise, pedestrian counts, weather) so that students can compare these observa-
tions to different places and over different times of day or seasons. Consider collecting 
the same themes each semester to build a long-term database of phenomena. 

Even without an established field study center or an arboretum on campus, field-
work on one’s own campus is valuable. For virtual courses, ask students to perform 
fieldwork in their own neighborhoods, using ArcGIS Field Maps, Survey123, Quick-
Capture, and other tools such as PictureThisAI or iNaturalist. If international students 
are collecting data, comparing housing types, plants, weather, and other variables 
across countries will be fascinating. 

Eighth, make Web GIS instruction multi-level. Web GIS offers multiple levels of 
engagement, such as the Drought Aware app. Students visually study data via these 
web mapping apps in an introductory setting. In intermediate settings, students save 
layers covering 1 theme and use them in ArcGIS Online with its spatial analysis tools. 
In an advanced setting, students use the image classification tools in ArcGIS Online 
or ArcGIS Pro to measure changes on the landscape in 2D or 3D. This multi-level 
approach is implementable with most Web GIS tools. 

Ninth, make Web GIS instruction so students can shine, explore, and grow. Ask  
students to reflect upon their learning with questions, even inside quizzes, such as 
“What is the most valuable thing you learned this week? What was most frustrating? 
What is 1 thing that you read about that you would like to learn more about?” 
Encouragement will help students become more reflective learners (see Brookfield 
(1995) for additional ideas). 

Include assignments where students create story maps and other web mapping 
applications (such as using the ArcGIS Experience Builder). Students share them 
with their instructors via a URL and with their peers. Students use these apps in online 
or face-to-face presentations to instructors and classmates, and even with external 
stakeholders. These story maps also extend beyond specific courses or programs and 
become a key part of a professional portfolio that students take into the workplace. 

Tenth, make Web GIS instruction visionary. Include space–time cube mapping, 
artificial intelligence and machine learning, the blurring of the lines between mapping 
and visualizations, 3D analytics, the meshing of BIM, CAD, and GIS tools for inside-
and-outside buildings views, coding via Jupyter Notebooks, virtual reality, and other



132 J. J. Kerski

cutting-edge GIS trends and capabilities. This affirms that the tools rapidly evolve, 
and thus, their users must be lifelong learners. Include podcasts and video interviews 
with visionaries, such as Esri’s Virtual Job Shadow videos and the Directions Maga-
zine Geoinspirations series. Keep the students mindful about ways they can make 
societal contributions. 

Keep the higher, more noble goals in mind: Using GIS is ultimately about building 
a better world. Instructors and their students have a key role to play in that world! 

The 10 Most Important GIS Skills that Are Fostered 
in Teaching Geography with Web GIS 

As this chapter articulates, the most important benefits in teaching with Web GIS 
include fostering spatial and critical thinking. However, a chief attraction for educa-
tors in teaching with professional tools, such as GIS, is fostering job skills that are in 
high demand in the workforce. Despite economic upswings and downturns over the 
history of GIS, and despite changes in Information Technology (IT) infrastructure, 
the demand for GIS skills has steadily risen. The deepening and widening of GIS 
in education and society ensures that the “whys of where” questions will always be 
asked. 

Educators and students can do anything in the dynamic platform that is modern 
Web GIS. Teaching students these 10 skills is similar to the analogy of teaching 
students “how to fish” versus “giving them a fish.” By focusing on these skills, 
students develop perspectives and problem-solving abilities transferrable to different 
issues and regions. Examples (Kolvoord 2017) of students doing innovative work 
exist from primary to university level. 

The first GIS skill is working with map layers. GIS relies on looking “through” a 
series of raster and vector layers to understand the “big picture”—the world. Know 
how to search for, open, and save map content. Be organized about managing content. 
Know how to interpret and create metadata, especially today where everyone is a 
potential mapmaker. Know how to create features, spreadsheets, multimedia, and 
other content. The second skill is to know how to share mapped content with a group 
of people, the global community, and also when not to share, due to location privacy, 
health, or other valid reasons. 

The third skill is navigating the map interface or GUI of whatever GIS software 
is used. Since 2000, the GUI has been the fundamental way in which users work 
with GIS. As GUIs change, these skills need to be kept current with an adaptable 
mindset. Navigation includes changing map scale and map projection, finding and 
saving locations, and measuring perimeters, volumes, and areas. Know how to select 
map features (cities or biomes) and how to access the information about features in 
data tables or information popups. 

The fourth critical skill is the ability to visualize information on a map in a GIS: 
Know how to set and change the symbology of mapped features or image layers,
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in 2D and 3D. Know how to create dot density, choropleth, and heat maps; how 
to create relationship, multivariate, and predominance maps. Know how and when 
to use classification methods such as Standard Deviation, Quantile, and Natural 
Breaks. Because the number of features that Web GIS can map is often too large to 
be understood, know how to filter—reducing the number of features in a layer or 
bands in an image to aid interpretation. 

The fifth critical GIS skill is work with tabular data: Know how to create fields 
and tables, select rows and columns, sort, summarize, and create charts and popups. 
The sixth skill is to know how to use several kinds of data collection applications 
(such as ArcGIS QuickCapture, iNaturalist, others) and how to map data from GPS 
apps, fitness apps, geotagged photographs, and analog methods including clipboard 
notes. 

The seventh critical skill is to be able to draw and sketch points, lines, polygons, 
text, and other map objects. The eighth critical skill is to create and use mathematical 
expressions, to filter, label, and symbolize. Know how to create an expression with 
ArcGIS Arcade, Python, SQL, and other languages. 

The ninth critical skill involves creating maps that can communicate well: As web 
mapping applications are viewed more frequently than the web maps themselves, 
know how to thoughtfully and clearly create story maps, infographics, and dash-
boards. The tenth critical skill is to understand when, why, and how to perform anal-
ysis. Know how to create proximity zones, summarize data, perform map overlay, join 
spatial and tabular data, create routes, use spatial statistical tools, trace downstream, 
create viewsheds, and other analytics. 

These 10 skills can be used to create student assessment instruments. All or 
portions can be used as a pre-test for a planned course or workshop, and results can 
be compared to a post-course evaluation. Student-created story maps can be used as 
content that faculty can evaluate from a content or technology standpoint. Instructors 
can assess the maps online and/or assess a live or recorded video presentation given 
by students. 

Given the web platform upon which modern GIS rests, developing coding skills 
in JavaScript and Python merits inclusion in the GIS skills list. Editing mapped 
features remains important. Other core skills worthy to be considered include these 
core elements of GIS: Create geographic data, analyze data, and visualize data. The 
University of Southern California (https://gis.usc.edu/blog/top-gis-skills/) grouped 
skills into data collection and evaluation, visualization, analysis, and modeling. One 
university’s advice includes understanding workflows (https://dusk.geo.orst.edu/gis/ 
PPTs/essential_skills.pdf) and the GIS Lounge skills list (https://www.gislounge. 
com/gis-skills/) focuses on data.

https://gis.usc.edu/blog/top-gis-skills/
https://dusk.geo.orst.edu/gis/PPTs/essential_skills.pdf
https://dusk.geo.orst.edu/gis/PPTs/essential_skills.pdf
https://www.gislounge.com/gis-skills/
https://www.gislounge.com/gis-skills/
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Recommendations 

Web GIS presents educators with a stunning array of resources and tools with which 
to create and teach innovative online and face-to-face courses in geography, including 
the teaching of the SDGs. These approaches can also be used to help instructors in 
other disciplines to see that geographic content, tools, and methods are valuable for 
their own courses. 

Zhu et al. (2021) argue that existing GIS software targets expert users and 
does not sufficiently integrate resources for efficient computing. Challenges remain 
before GIS is sufficiently “easy” and intuitive to enable Rogers (1995) “mainstream 
adopters” to use. These include determining best curricular fit, dealing with the rapid 
advance of the technology, and spotty bandwidth in many parts of the world. Uncer-
tainties of what to teach and how to teach (Sinton and Kerski 2020) persist. Because 
one of the purposes for GIS is to model the real, complex world, GIS will never be 
as instructionally easy as using worksheets or lecturing. Teaching and learning with 
any inquiry-driven, problem-based method is challenging, but it is worth investing 
time and effort. Web GIS presents a new paradigm: The tools are too accessible, the 
data sets too rich, and the rewards in understanding, engagement, and action are too 
great to be ignored. 
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Abstract The eco-social crisis has led to changes in education to address sustain-
ability. Specifically, learning scenarios or case studies have been created using Digital 
Story Maps and Geographic Information Systems in the cloud. These tools allow 
sustainability issues to be visualized, which enables students to go beyond the theo-
retical knowledge of the Sustainable Development Goals’ indicators, to transforma-
tive action based on critical thinking. This approach was used to create and apply 
innovative learning processes in teacher training, as part of a geography master’s 
degree for secondary school teachers, as a compulsory topic for the first semester in 
the academic years 2020/21 and 2021/22. Student evaluations were carried out using 
blind peer review with the University of Glasgow’s tool, Aropä, and a satisfaction 
questionnaire, which produced a mean of 4.6 over 5. It has also been possible to 
compare outcomes from the traditional way of preparing a lesson and the use of Web 
GIS by using an adapted version of Rosenshine’s Principles. Thus, Web GIS and 
Digital Story Maps have been found to be particularly useful tools as they can help 
in the teaching process, assess learning, and enable participants to share concerns 
about sustainability issues. 
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Introduction 

The vertiginous growth of open geographic information has boosted the use of cloud-
based Geographic Information Systems (or Web GIS) in research, scientific dissem-
ination, and in geographic education. It is based on the use of open data, the potential 
of visualization in Web GIS, its usability, and ease of access. Consequently, the 
question of whether technology has a place in geography lessons is resolved, and 
the focus is now on teachers integrating it into the curriculum following their initial 
university teacher training. As a result, geographical education for sustainability can 
employ these tools as is done in many other socio-economic, scientific, and cultural 
fields. 

There is a broad academic consensus that Web GIS can facilitate understanding of 
territorial reality, and its physical and socio-economic attributes and integrate them 
into university teacher training and secondary education (Álvarez-Otero 2020; Buzo 
2021; Buzo-Sánchez et al. 2022; Fargher 2018; Puertas et al. 2022; Zwartjes and 
De Lázaro, 2019, among others), as well as for example, tourism teaching (Mínguez 
2021; Martínez-Hernández et al. 2021), landscape (De Lázaro et al. 2017), arche-
ology (Pons et al. 2019), and fieldwork (Phantuwongraj et al. 2021). While most 
educators reflect on the most appropriate pedagogies for Web GIS implementation, 
the inquiry-based method and problem-based learning appear to be the most widely 
used (Álvarez-Otero and De Lázaro 2018; Digan, 2019; Kerski,  2011; Sebastián 
and De Miguel 2017). Specifically, in the United Kingdom, Rosenshine’s princi-
ples (2012) enhanced by Sherrington (2019) are widely employed, as they rein-
force all the aforementioned pedagogies. These Principles are based on cognitive 
research into how the brain acquires and uses information, observation of class-
room practice by expert teachers whose students are highly successful learners, and 
instructional methods based on cognitive support and scaffolding for learning, which 
is then consolidated by comprehension questions. They are gradually incorporated 
into increasingly complex tasks, and it is recommended that experiential activities 
are used after the basic knowledge has been learned. In this way, it becomes evident 
what the student is learning. 

In this context, it is important to highlight the idea of curricular sustainability 
advocated by Professor Murga and her team, who define it as a process of incorpo-
rating sustainability criteria and values in teaching and student learning, so that it 
permeates all educational spheres (Murga-Menoyo and Bautista-Cerro 2019). 

The main aim has been to integrate sustainable development objectives into univer-
sity education by employing learning situations and/or case studies with interactive 
mapping and viewers, as well as geo-information relevant to the topic. This provides 
future geography teachers (trainees) with technological tools, such as ArcGIS Online 
ESRI Web GIS for learning, teaching, and making the curriculum sustainable. By 
using learning situations that include activities and content thematically oriented as 
third-person narratives interwoven with comprehension questions, the learner partic-
ipates in hypothesis-testing and first-person problem-solving. Modeling accompa-
nies formative assessment and may include simulations and predictions supported
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by acquired knowledge. These processes integrate teacher and learner perspectives 
(Chaloupka and Koppi 1998) and are a way to assess motivation, model and test 
problem-solving, and develop critical thinking (Bearman et al. 2016; Jeffries and 
Maeder 2005). 

Contextual and Theoretical Backgrounds 

Educating for Sustainability Using Distance Learning 
at University 

It is worth emphasizing that educating for sustainability is not simply an ‘add-on’ to 
existing curricula, but implies a change based on the ability to respond to the current 
crisis, take advantage of opportunities in teaching practice, emotional aspects, and 
global thinking (Bautista-Cerro et al. 2019). Consequently, students can change atti-
tudes and improve teaching effectiveness, with an affective mastery of emotions 
(Puertas et al. 2021). This again demonstrates geography’s capacity to design and 
develop learning content that facilitates understanding of today’s world and, in partic-
ular, the SDGs (Sustainable Development Goals) (Shannon et al. 2021; Rushton 
2021). This is because the process requires students to gain competences, such as: 
critical analysis; systemic reflection (that is, a responsibility toward future genera-
tions to intervene in constructing a sustainable future and promote citizenship and 
social life); and the ability to make informed and collaborative decisions (Murga-
Menoyo 2015) in the framework of interrelationships between territory, landscape, 
and society, both in the real and virtual world. In this way, SDG education can 
ensure that all students acquire the necessary theoretical and practical knowledge 
to promote sustainable development and adopt coherent lifestyles that focus on the 
whole person (understood to be a ‘community of life member who is eco-dependent 
on the biosphere’); and simultaneously take moral responsibility for life on the planet 
(Murga-Menoyo 2020). Each of these elements implies societal, economic, and envi-
ronmental transformation. Therefore, it is vital to include SDG-related content in 
curricula and to use action-oriented transformative pedagogy (Murga-Menoyo 2021; 
Rieckmann et al. 2017) (Table 1).

In sum, public policies to integrate Education for Sustainable Development (ESD) 
in all formal, non-formal, and informal learning contexts are necessary. The Spanish 
LOMLOE (2020) new secondary school curriculum seems to represent a route to 
change in non-university education systems, and therefore in teacher training. But 
it is also essential to integrate it into quality standards to achieve the proposed 
learning outcomes. There is a political will in universities to work in this direc-
tion, by integrating ESD into competencies, professional standards, certification, 
and teacher-education institutions’ accreditation, which will encourage classroom 
implementation.
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Table 1 Educating for sustainability using Web GIS 

Teaching approach 
(Key aspect) 

About 
(Doing things better) 

Apply 
(Doing better things) 

Investigate and 
transform 
(Doing things 
differently) 

Sustainability Educating about 
sustainability (theory) 

Educating using 
concepts related to 
sustainability (theory) 

Educating for 
sustainability in 
transformative actions 
(theory and practice) 

Web GIS Teaching and learning 
about Web GIS 

Teaching and learning 
using Web GIS 

Researching and 
visualizing in Web GIS 
to understand and 
transform 

Responsibility 
(lies with) 

The teacher for 
orientation 

The teacher to enable 
self-autonomy 

The teacher and 
student for autonomous 
learning and 
responsible actions 

Source Based on Puertas et al. (2021), Abbott (2001), Favier (2013), and Sterling (2004)

Rosenshine’s Principles Are Suitable for Integrating Web GIS 
and SDGs in Education for Sustainability 

Rosenshine’s (2012) ten Principles of Instruction represent a powerful tool to inte-
grate SDGs and geo-information into teaching using Web GIS for better visualiza-
tion, avoiding student overload, introducing content gradually, and checking that the 
student is learning competencies. Sherrington (2019) reformulated them as follows: 

A Direct Instruction 

There is a daily review to identify and consolidate ideas. Previous learning (key 
concepts) is retrieved and repeated, as this process reinforces what has been learned 
and leads to more spontaneous recall. This forms the basis for current learning and 
can be done by raising questions or issues. 

New materials are introduced in small steps, from the basic to the most complex. 
Web GIS responds very well to this need, for example, by activating and hiding 
layers to reduce ‘web map’ overload. The teacher facilitates and eases initiation of 
the schema construction. 

It is essential to formulate good questions to improve student’s critical thinking 
in response. Revision is undertaken with questions, such as: What data are needed? 
The teacher should accompany students throughout their practice and give regular 
feedback to avoid misunderstandings. It is essential to connect new learning material 
with previous knowledge and practice.
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B Modeling 

Provide models (modeling). Learners can focus on the steps to solve a problem and 
need to see ‘how to do to know how’. Cognitive support is provided to solve more 
difficult problems (based on previous tasks) and enable independence, but in this 
case with a role reversal: learners ask the teacher questions. 

C Explore 

Guide student practice. The best teachers spend a lot of time supervising their 
students’ practice/learning with new material. In this way, they ensure that confi-
dence is maintained and errors and misconceptions, which are essential elements of 
practice, are minimized. The use of feedback and stimulating questions follow the 
phases: I do, we do, you do. The ‘I do’ obliges students to follow a series of steps 
presented by the teacher, who explains how to accomplish them. Next, in the ‘we do’ 
phase, the teacher helps their students by providing support or scaffolding, such as 
directions or partially completed procedures. In the last stage, ‘you do’, the pupils 
implement the procedure or demonstrate their understanding. It is essential to fix this 
information in the long-term memory through tasks and rehearsals. 

D Check 

Learner’s understanding is constantly checked via the material provided to minimize 
errors. Systematic monitoring aims to ensure that students’ learning is accurate, and 
misconceptions do not become ingrained. It is especially important to check the 
acquired schemas or mental maps. The results obtained are contrasted with those of 
other students. 

‘Good results’ will be approximately an 80% success rate in exercises, question-
ing…rather than it being too easy (e.g., a 95–100% success rate), so that the challenge 
is sufficient in terms of difficulty. 

The teacher provides temporary scaffolding or support (e.g., guidelines) for diffi-
cult tasks, which decreases as students become more proficient and gain confidence 
in their results. Instructional support, tools, and checklists are given to help learners 
organize materials by establishing criteria and/or quality standards. Task-solving 
models are provided so that students can compare their work. 

E Solving a Problem with Individual Exploration 

Independent practice. Build-in practice time in and out of the classroom to auto-
mate the material learned. Students should practice regularly until their learning is 
consolidated so that they achieve ‘automaticity’ and ‘expertise’. A problem-solving
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Fig. 1 Adapting Rosenshine’s (2012) Principles to a teaching model (Puertas et al. 2022) 

activity is proposed to establish the steps for students to work through a problem, 
guided by the teacher. 

F Assessment/Presentation 

Weekly and monthly review. Students need to practice intensively to ‘automate the 
material’, in order to ‘interrupt forgetting’ and link previously acquired knowledge 
to current learning. Results need to be evaluated and shared. This is the phase when 
learners can feel confident enough to initiate their own exploration and start the cycle 
again or review some aspects of it. 

The Principles have been summarized in Fig. 1, which shows that this process is 
not linear and it is possible to move from one to another, and even to repeat the same 
one depending on the requirements of the context, which is expressed by the blue 
arrows at the bottom of the Fig. 1. 

Methodology 

Action research method in teaching the subject of Complements for Disciplinary 
Training in Geography using direct observation, which is one of the benefits of this 
method, together with the option of aiding teachers to reflect on their lessons prac-
tices. Evaluation of the learning process involving Web GIS, SDGs, and Rosenshine’s 
Principles has been carried out using: (a) co-evaluation, using a blind peer review 
tool (Aropä), developed by the University of Glasgow; (b) the university teacher-
trainer qualification (the official final mark); (c) self-evaluation; and (d) a satisfaction
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questionnaire using the five-point Likert scale. This has then been compared with 
outcomes from traditional teacher lesson plan preparation (year 2020–2021, n = 56) 
and the trainees’ use of Web GIS by following the adapted principles of Rosenshine 
(year 2021–2022, n = 58). All statistics have been formatted and calculated using 
Excel. 

Trainees’ Tasks 

Within this framework, trainees were asked to carry out a task consisting of two 
different parts. In the first, it was necessary to design and complete a learning task 
in accordance with a template provided on the virtual campus, which gave specific 
guidance following the Principles’ steps, aided by a video-explanation illustrating 
what the work consisted of. In the second part, students uploaded their work to 
the Aropä platform, within a deadline, in order to run blind peer assessment of the 
‘learning situation’. 

It was clarified that a ‘learning situation’ is not simply a textbook containing 
the conceptual content to be taught, but a justification of the activity design with 
the objectives, concepts, procedures, and attitudes to be worked on in an integrated 
way, and the assessment that favors the learning and acquisition of competencies. The 
current Spanish curriculum for secondary schools, LOMLOE, which came into force 
on 19/01/2021, and its subsequent developments, advises to organize curriculum 
for acquiring competences. These need methodological approaches of meaningful 
learning and active methodology to be achieved with the techniques that the future 
teacher university student considers most appropriate in each case. The trainee will 
design in detail a learning situation containing at least one prototype from geograph-
ical science, to: observe, reflect, locate, define, relate, elaborate and/or comment on 
graphics, to identify causes, comment on texts and images and learn more. They 
should provide, on the same document, the didactic resources employed (maps, 
graphs, texts, images, web pages…) and clearly integrate elements and evidence to 
educate for sustainability and foster the SDGs (i.e., activities to promote a change in 
attitudes in relation to prevailing assumptions). Cross-cutting elements (complemen-
tarity with other subjects in objectives and competences) and measures to address 
diversity should also be succinctly formulated. The time dedicated to each of the 
designed activities could, for example, be a maximum of 50 min, which is common 
in Spain. The geographical theme and focus are freely chosen by trainees, within their 
autonomous community’s current curriculum (each region in Spain has a curriculum 
adapted from the National, and some are very different). An appropriate title should 
define case the study or learning scenario. The chosen topic (containing objectives, 
content, and challenges) will have SDGs integrated (goals, targets, and indicators), 
so that education for the SDGs will consist of competences to be acquired in a 
cross-cutting manner and highlight how sustainability competences acquired will be 
assessed.
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In the second part of the work, trainees use the Aropä platform, which has proven 
to be very effective as an assessment tool (Coronado-Marín et al. 2018, 2019, 2020, 
2022; De Lázaro et al. 2022), to upload their final project or case study. This is 
done anonymously in their own online place previously prepared by the university 
teacher. Trainee’s next peer blind assess three learning situations or case studies 
carried out by other students or classmates. Aropä assigns a keyword to each study, 
since the uploading is accomplished using different tags, which will be, as their 
name indicates, dedicated to different aspects of geography: GeoPhysics, Population, 
Cities, Economics, and Others. These tags make it possible that any assignment by the 
platform will be different to the tag of the uploaded own work. Trainees assess other 
students’ learning scenarios or case studies using the evaluation criteria outlined 
below and provide comments. This assessment is visible to other trainees on the 
same platform and, at this time, the satisfaction questionnaire can be completed. An 
evaluation of how they are assessing will go toward their final grade. In this way, 
trainees can work on several different topics: that chosen by themselves, which they 
will work on in greater depth, and those of their classmates. 

The details of how to program all these aspects in the tool can be found in the 
video ‘Aropä, online blind peer assessment. A free solution created by the University 
of Glasgow’ (De Lázaro 2021) or in ‘Using Aropä for Students’ Peer Assessment’ 
(University of Alberta 2020). 

Assessment Criteria Used 

To ensure a certain homogeneity in the blind peer assessment, the university teacher 
previously provides a series of indicators to all students, to see if they are following, 
or not, important work quality rules. A graduated scale following a detailed rubric 
would be better, but high workloads lead us to give a quick ‘yes’ or ‘no’ reply to 
each indicator:

• Appropriateness of the chosen title. This would represent an umbrella for the 
content and link to the current official curriculum.

• This provides key information on the development and implementation of 
the learning situation and uses at least three different assessment systems 
(e.g., self-assessment, co-assessment, cross-assessment, external assessment, 
teacher-supervised assessment, etc.).

• Contains activities with the necessary detail (e.g., up-to-date data, variety and 
quality of resources used).

• A coherent explanation of the discourse, clarity of ideas and argument (i.e., that it 
is well understood). Focus on student learning (contains elements of meaningful 
learning).

• Correct application of concepts learnt in the subject. The key ideas are clear and 
correctly defined (scientific rigor in the concepts handled, in source quotations, 
adaptation to the current curriculum, etc.).
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• It encourages critical thinking. Raises new questions and reflections that open 
doors to subsequent debates and thinking beyond solutions about pros and cons 
of possible alternatives.

• It takes advantage of geotechnologies, especially GIS on the cloud, for learning 
purposes and innovation.

• Content, spelling, and grammar are correct.
• In relation to SDGs content: Has the student made any reference on how to educate 

for SDGs and provided concrete steps on how to achieve any of the sustain-
ability competences? Have the following competences been addressed: a) critical 
analysis; b) systemic reflection; c) responsibility toward future generations; d) 
collaborative decision-making skills, given the learning situation. Have activities 
been proposed to assess progress in SDG learning? Do they invite transformative 
actions? (See the United Nations document (2022) for a better understanding of 
the SDGs and their measurement).

• Do they meet the work standards demanded in the template and use Rosenshine’s 
Principles? Is it appropriately adapted to the proposed outline, standards, and 
citation of references following the latest American Psychological Association 
(APA) standards)?

• Has reading the project/essay been enjoyable? 

Additionally, each work must include a self-assessment with the score obtained. 
If this is missing, it will be highlighted in the correction. Further comments should 
be made that summarize the strengths and weaknesses of the assessed work and an 
overall evaluation that includes how education for sustainability (SDG achievement) 
has been integrated. The assessment should be based on clear and objective data. 

In this way, the learning situation or case study will be evaluated from several 
sources: the external assessment of the university teaching team, co-assessment from 
the blind peer reviewers using the Aropä platform, and self-assessment by the students 
themselves. 

University teacher offered a number of mandatory guidelines for revision/ 
correction of their peers’ work:

• Collaborate in improvement of the text (and not in its disqualification).
• Justify the grade in a rational way. The aim is not to judge. The use of periorative 

adjectives is forbidden and will be penalized.
• Detect errors in content, spelling, expression, and grammar.
• Consider that there are no absolute truths, and that everything has a temporal and 

spatial context.
• Look at the innovative approach of the experience/tool, and whether it is possible 

to educate for the SDGs from the learning situation being evaluated.
• Identify the strengths and weaknesses of the learning situation and how sustain-

ability education (SDG achievement) has been integrated into it.
• Trainees should be aware that the deadline for the first part differs from the second, 

and that if they do not submit on time, they will be outside of the current call, 
and cannot get grades. In addition, a short questionnaire on the student’s work



146 M.-L. de Lázaro-Torres et al.

is asked for at the end of the activity. However, in practice, this questionnaire is 
usually returned by around a third of the class. 

With this work, trainees will demonstrate that they have learnt to:

• Teach the contents of the geography curriculum by integrating elements of 
educational innovation.

• Educate for the SDGs and collaborate in the sustainability of the curriculum.
• Take advantage of different resources for teaching geography and evaluate other 

trainees’ anonymous reflections made via the Aropä tool.
• Increase secondary school students’ learning.
• Assess geographic content with a variety of instruments that measure learning 

outcomes. 

Results and Discussion 

Results have been compared in Excel by contrasting official marks with evaluations 
made by the peers themselves and teacher evaluations using two ways of working: 
the first academic year without Rosenshine Principles, and the second with them 
(Table 2). A satisfaction questionnaire was also administered at the end of the course 
(Table 3) using a five-point Likert scale.

The grade given by the teacher in the final report is weighted by the average 
of the quality of the peer assessments. In general, trainees rate each other slightly 
higher than teachers, but there is a very small difference, with a maximum that 
some authors set at plus or minus two points. These data are congruent with those 
obtained by the creators of the platform (Hamer et al. 2015). However, the results of 
peer or teacher assessment are much higher than the self-assessment by individual 
students. Most trainees find it useful to develop a learning situation at the start of the 
Masters’ degree and believe that it brings efficiency in learning geography and rubric 
assessment. However, following correction of the learning situations (developed by 
the trainees), we can affirm that while an increase in geographical competences has 
been noted in relation to the previous course, integration of the SDGs in most cases 
has been nominal, without specific SDG competencies, such as critical thinking. We 
can therefore say, in relation to Table 1, that the learning situations have remained 
in the early stages of SDG integration, without promoting transformative actions. 

Direct observation in the teacher training course and frequent discussion of each 
result obtained by the university research group and teachers’ network have vali-
dated this way of teaching, as the results have bettered the previous year, when a 
conventional learning plan was carried out.
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Conclusions 

Education for sustainability using cloud-based Geographic Information Systems 
(Web GIS) in learning situations and/or case studies has proved useful in geography 
teacher training. Trainees have understood importance of verifying that secondary 
school students are learning what they are being taught and integrating Sustainable 
Development Goals (SDGs) in their teaching. Thus, this way of using Web GIS 
and viewers for curricular sustainability has been implemented at the UNED in the 
subject of Complements for Disciplinary Training in Geography of the Master’s 
degree in Teacher Training for Compulsory Secondary Education and Baccalau-
reate, Vocational Training and Language Teaching since the academic year 2021– 
2022. Trainees developed their own learning situation or case studies focused on 
geography and SDGs using these tools and later evaluate other trainees learning situ-
ation, to conclude with an assessment of the results obtained and their responses to 
the questionnaires. Some of these learning situations have been included in a book 
published to help trainees for next academic year (De Lázaro and Puertas 2022). 

This means that formative assessment has been encouraged as a fundamental part 
of students’ future teaching. Therefore, the presentation of lesson objectives, linking 
to prior knowledge, feedback, modeling, scaffolding, and connecting the content 
to subsequent lessons, created a teaching sequence that enabled trainees to build a 
schema and create better lessons for their future secondary school students. 

Additionally, the results show an improvement across several important competen-
cies in education. Namely, these include information and geo-information manage-
ment, as students must select reliable sources, detect basic content to define threshold 
concepts (those that will allow students to move to the next level), and be able to create 
a sustainable curriculum that leads them to foster civic and citizenship competences, 
as well as critical thinking. 

Further, this approach shows efficient learning with the use of primary sources 
using Web GIS, interactive digital maps, and other ways of visualizing geo-
information. The trainee teachers who have used these materials and developed new 
ones, have experienced the potential of cloud mapping and web maps, or web GIS, 
to learn about the territory and its sustainability issues in a reasoned and powerful 
way, and have subsequently highly valued these activities. 

Thus, education for sustainability using interactive cartography and web GIS, 
make it possible to observe trends and interrelationships through the map layers that 
represent territory. These visualizations also make it possible to both broaden knowl-
edge and promote transformative action supported by critical thinking, systemic 
reflection, responsibility toward future generations, and collaborative decision-
making skills beyond the theoretical knowledge of the Sustainable Development 
Goals (Puertas et al. 2021). 
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Abstract Using primary sources, such as geographical or historical documents, 
“revive” teaching, encourage students’ involvement in class, and thus lead to a 
deeper understanding of the subject. The Shoah of Austrian Jewry was taught both in 
Israeli and in Austrian teacher training institutions, and, in addition, to a not directly 
“involved” group of teacher training students in Ireland by using primary sources 
like a passport, pictures, maps, and other personal documents. All students (160 BA 
and MA students) were exposed to the same lesson and story by the same lecturer, 
on zoom. The lesson was based on documenting the personal story of Mrs. Karoline 
Bloch, who managed to escape from Vienna to the Land of Israel in 1938. This 
story is a micro-history that reflects the macro-history: The extinction of Austrian 
Jewry in WW2. In this Collaborative Action Research (CAR) conducted during the 
COVID pandemic, the main goal was to detect and explain similarities and differ-
ences between the responses of Israeli and Austrian students to the lesson. It was 
found that national narratives greatly impact students’ responses and attitudes. At 
the same time, similarities were found in the necessity to discuss actual problems of 
human rights, immigration, and refugees. 
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“After every war 
someone has to clean up. 
Things won’t 
straighten themselves up, after all...” 

Wislawa Shimborska, The end and the beginning1 

The Story of Mrs. Karoline Bloch 

A single document or picture sometimes becomes a “historic treasury” through 
which we can explore the past, in a way that leads to valuable learning. Some-
times such “diamonds” are within our reach. In 2012, Tal Yaar-Waisel was sorting 
out photographs and documents in her parents’ home and came across the pass-
port of her great-grandmother, Mrs. Karoline Bloch, issued in Vienna in 1938. The 
“Deutsches Reich” passport, stamped with the Nazi seal, allowed Karoline Bloch 
to leave Vienna just two days before Kristallnacht, in November 1938, saving her 
life and enabling her to join her daughter’s family in Mandatory Palestine. Within 
nine months, after her husband’s loss in February 1938, followed by the German 
annexation of Austria in March, the “Anschluss,” Mrs. Bloch lost everything she 
had, and her survival depended on her passport. Miraculously, because her children 
had left Austria before those tragic events, she could choose between two destina-
tions: Palestine or Brazil, at a time when only a few people had any option at all. This 
personal story reflects the persecution and expulsion of Austria’s Jews. Austria was 
united with Germany by force, and the passport is, therefore, one of Nazi Germany, 
with the words “The German Reich” emblazoned at the top, under the Reich Eagle 
of Nazi Germany, and a swastika. In red ink, the letter “J” is on the left-hand side of 
the passport, showing that the passport’s owner was a Jew (Jude). Besides, the date 
12.10.1938 appears vertically (see Fig. 1).

The passport was issued on September 29, 1938; from October 1938, Jews had 
to carry special passports which identified them as Jews. Mrs. Bloch received the 
passport just before the directive came into force; the letter “J” and the date (12.10.38) 
were added later. 

Karoline Bloch was born in 1877. When she was 19 years old, in 1896, she married 
Moritz-Moshe, and the couple had three sons and a daughter: Heinrich, Rudolph, 
Alfred, and Gertrude. Two of the boys served in the Austrian army during World War 
I. After they had come back to Vienna, they couldn’t find a job and all emigrated from 
Austria: Heinrich to the United States, Rudolph to São-Paulo, Brazil, and Alfred to 
England. In 1934, Gertrude and her husband, Dr. Rudolph Steinhertz, reached the 
conclusion that there was no future for Jews in Europe, and they immigrated to the 
Land of Israel, along with their daughter, the infant Zuzanna. One year later, they

1 Wislawa Shimborska,The End and the beginning, Translated by Joanna Trzeciak Poetry foundation 
https://www.poetryfoundation.org/poems/52955/the-end-and-the-beginning. 

https://www.poetryfoundation.org/poems/52955/the-end-and-the-beginning
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Fig. 1 Evidence of the “Anschluss” in Karoline’s passport (This fig. belongs to authors) 

Fig. 2 The Anschluss in the media, The Palestine Post, March 22, 1938



156 S. Danner et al.

settled in Nesher, a working-class neighborhood in the south of Haifa. Rudolph, a 
chemist by profession, established a laboratory at the “Nesher” cement factory. 

Moritz and Karoline Bloch stayed in Vienna. On February 13, 1938, when he was 
about 70, Moritz passed away, and Karoline, who was then aged 61, remained alone. 

One month later, just after the “Anschluss,” Mrs. Bloch’s children asked her to 
make haste and leave Vienna. Thanks to them, she had two good and very rare 
options for that time: Her son, who had immigrated to Brazil, obtained a visa for her 
to go to Brazil; her daughter, who had emigrated to the British Mandate in Palestine, 
obtained a certificate enabling her to immigrate to the Land of Israel. One of the 
pages in Karoline’s passport states in Portuguese that her son is legally in Brazil. 
On October 27, she was thus able to obtain a visa for Brazil, signed by the deputy 
consul of Brazil in Vienna. On the next page, there is a visa for Palestine, issued 
by the British passport office in Vienna on October 15. This visa allowed a single 
journey and was valid only until the November 30, 1938. The visa’s recipient was 
entitled to remain permanently in the land with the status of an immigrant. The 
visa which enabled Mrs. Bloch to immigrate to the Land of Israel was issued about 
five months before the third “White Book”2 ; the visa for Brazil was even rarer (Dror 
2002). On September 27, 1938, the Immigration Division in Haifa informed Rudolph 
Steinhertz, Mrs. Bloch’s son-in-law, that she had received a “type-D” certificate.3 

Mrs. Bloch was also asked to provide a medical certificate stating that she did not 
suffer from any serious mental or physical illness.4 

On November 7, Mrs. Bloch left Vienna by train to the Italian port of Trieste, 
where she waited for a ship. On November 18, she boarded the “Marco Polo,” a  
passenger ship of the Italian shipping company Adriatica.5 On November 24, she 
reached the Port of Haifa, from where she went to her daughter’s family in Nesher. 

Page 9 of her passport illustrates with simplicity the miracle that Karoline Bloch 
experienced: on the upper part of the page is the symbol of Germany with a swastika 
and the date she left Vienna (November 7), and under it is the seal of the immigration 
division of the Palestine government, stamped at the Port of Haifa by the inspector 
of immigration, with the words, in English: “permitted to remain permanently in 
Palestine as an immigrant.” 

It could have been hoped that Karoline Bloch’s arrival in Palestine would end 
her hardships, but while she joined her daughter, son-in-law, and granddaughter, 
she never again saw her three sons. These were the days of World War II, and 
the financial situation in the Land of Israel was difficult.6 Gradually, news of the 
large-scale murders of Jews in Europe became partly known. 

Mrs. Bloch’s personal economic situation was difficult. On April 2, 1940, the 
“Mukhtar” who was the local representative of Nesher-Yagur, a sub-district of Haifa, 
produced a certificate stating that Mrs. Karoline Bloch, “was a widow with no income,

2 British document which minimizes legal immigration. 
3 An approval for immigration to Palestine. 
4 This document has been used in the lesson. 
5 Haaretz, of November 25, 1938. 
6 Bombings by Italian planes and fear of German occupation marked the years 1940 – 1942. 
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who therefore needed regular financial assistance from her son, Rudolph Bloch, in 
São-Paulo, Brazil.” In 1940, Karoline attempted to obtain a visa to the United States 
where her son Heinrich lived with his family. On May 3, 1940, the American consul 
in Jerusalem informed Karoline that her request had been rejected and “would not 
be discussed again in the coming years.” 

Karoline Bloch died in 1943 and was buried in Haifa. Her daughter and grand-
daughter often noted that “it was good that she died without knowing the true scope 
of the disaster suffered by the Jewry of Europe.” 

Persecution of Jews in Austria and the Destruction 
of the Community 

On March 12, 1938, German military units annexed Austria to Germany in the 
“Anschluss.” At that time, there were around 185,000 Jews in Austria, of whom 
about 170,000 were in Vienna (Rosenkrantz 1990, p. 24). Pogroms against the Jews 
of Vienna had begun even before the entry of German soldiers, with Germany seeking 
to implement in the city all the methods of persecution practiced against Jews in 
Germany, from 1933 onwards. Within a short time, their anti-Jewish policy became 
even more far-reaching and brutal than in the “Old Reich” (Bata  2002). Teachers 
and leaders of the Jewish community in Vienna were sent to the Dachau concen-
tration camp. Jewish property was confiscated within the framework of accelerated 
“Aryanization.” On August 20, 1938, leading Nazi Adolph Eichmann moved to 
Vienna, acting rapidly, with the enthusiastic help of friends in the Austrian Nazi 
party, to dispossess and deport the Jews. His staff humiliated, beat, and robbed Jews 
who came to arrange the necessary forms for emigration (Barley 2007, pp. 322–323). 
During September 1938, when the blackout was enforced in preparation for aerial 
bombings, Jews were pushed under the wheels of tram cars; synagogues in Vienna 
were attacked on Yom Kippur, and Torah scrolls, and religious books were burned in 
the streets. Before the outbreak of the war, more than two-thirds of Austria’s Jewish 
population (around 128,500) had immigrated to 89 countries. The main destinations 
were Britain (30,850), North America (28,700), China (18,124), Central and South 
America (11,580), and Palestine (9,195) (Gilbert 1982). More than one-third (more 
than 65,000) died in the ghettos and camps in Eastern Europe. At the end of the 
war, about 1,000 Jews survived in Vienna, one-third of them in hiding. The rest 
were employed by the Gestapo to sort out the tremendous quantities of property 
confiscated from Jews (Rosenkrantz 1990, pp. 27–28).
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Holocaust Teaching in Contemporary Contexts 

The most relevant issue in Holocaust-Shoah teaching is getting closer to the era 
of “post-survivors.” The survivors had tremendous importance in the creation and 
maintenance of Holocaust education, and we must find a solution to the future of both 
Holocaust memory and Holocaust education after the survivors pass away (Pearce 
et al. 2020). 

The problem of the passing away of the survivors becomes essential for the spread 
and maintenance of Holocaust consciousness (Jean 2011). Holocaust education has 
become a major tool for the transmission of memory and numerous national insti-
tutions and transnational initiatives are working for this aim in recent decades. The 
negative implications of the passing away of the survivors are augmented when we 
consider the recent increase in Antisemitism. The new rise of anti-Semitism is mostly 
seen within circles of Islamic extremists or those who incite anti-Israeli feelings. 

Another threat to the memory of the Holocaust is of “fake news,” when truth 
and facts have often become under attack (Kansteiner 2017). This social reality is 
encouraging Holocaust denial (Pearce et al. 2020, pp. 5; 8–12; 23–24). Using social 
media and digital possibilities can serve Holocaust education on the one hand, but 
at the same time, they enable fake news of Shoah denial. Patterns of Holocaust 
remembrance as museums, films, or books existed before the digital revolution, 
but today, because of the abuse of social media for Holocaust denial, researchers 
and institutions detest the possibility of using this new media for enhancing and 
distributing Holocaust memory. As younger generations are used to social media, 
we should adapt to the digital age and use all means for this aim for the future of 
Holocaust memory (Kansteiner 2017). 

Teaching History by Primary Sources 

One of the key questions of this study was to find out how the use of primary sources 
can improve the teaching and learning of history. A passport, as a document to be 
used in specific circumstances, is loaded with many meanings because of the symbols 
and the texts produced by states, officials, and institutions (Jean 2011). To extract 
the full data and implications, the teacher should “intrigue” the students, arouse their 
interest and sympathy, and make them see the historical document as an enigma 
that is worth the efforts needed to decipher (Gulddal and Charlton 2017; Keshavarz 
2018). 

Through research based on a primary document, unlike the study of history 
through textbooks, the student acts as a historian, draws conclusions, and comes to 
understand history (Kobrin 1996). Working with primary sources enables students 
to construct their own understanding of the past. The process involves the creation 
of links between the source and their prior knowledge, thus turning the primary
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source relevant to them. After the research, students provide feedback and describe 
the significance of their learning (Harrison 2005). 

By using Inquiry-based teaching, the students become critical readers and expe-
rience the first steps in historical research. In the internet era, the availability of 
primary sources from archives around the globe creates the possibility for everyone 
to study history through primary sources. Inquiry-based teaching, using primary 
sources, encourages students to build their own images and knowledge, and supports 
and develops students’ “higher order thinking” skills that are critical to the survival 
of democratic states. This might be described as a circular process, “that involves 
asking meaningful questions, finding information to answer the questions, drawing 
conclusions based on evidence, and reflecting on possible solutions” (Woyshner 
2010, p. 37). The reflection opens the way to new questions. Teachers should teach 
students to interpret primary sources within the context and within a repeating cycle 
that includes connecting their lives to the topic, wondering about it and its importance, 
and reflecting on what was learned and its significance (There). 

The model for Inquiry-based teaching adopted in this research is Woyshner’s 
“Stripling Model of Inquiry,” named after its creator, Barbara K. Stripling, and 
adopted by the Library of Congress for its Teaching with Primary Sources (PTS) 
initiative. The model includes six stages: Connect, wonder, investigate, construct, 
express, and reflect.7 

Methods 

In a previous study (Ben-Dor and Yaar-Waisel 2020), it was shown that the use 
of primary sources, such as personal documents, may "revive" teaching, result in 
students’ deeper involvement, and lead to a better understanding of the subject. A 
study unit, developed for teaching the destruction of Austrian Jewry in the Shoah, 
using authentic documents, and focused on the life story of Karoline Bloch, proved 
to be very fruitful. In January 2021, the positive results encouraged the Israeli 
researchers to expand the study and join researchers from Austria. The main aim of 
this research is to find and explain similarities and differences between the responses 
of Israeli and Austrian students learning the Shoah of Austrian Jewry by the above 
study unit. Irish students served as an experimental control group.

7 The Stripling Model of Inquiry (Stripling Model of Inquiry, Emerging America, http://www.eme 
rgingamerica.org/teaching-resources/stripling-model-inquiry (Woyshner 2010: 39). 

http://www.emergingamerica.org/teaching-resources/stripling-model-inquiry
http://www.emergingamerica.org/teaching-resources/stripling-model-inquiry
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Action Research (AR) 

Action Research (AR) is a model of professional development that promotes collabo-
rative inquiry, reflection, and dialogue. Whereas Kurt Lewin (1890–1947) first coined 
the term, John Dewey established the use of AR in education. 

There are two main types of action research: Practical action research and Partic-
ipatory action research. Practical action research usually involves a small-scale 
research project, directed at a specific problem or issue and undertaken by indi-
vidual teachers or teams (Lesha 2014, p. 380). Participatory action research is used 
when the research project is on a large scale. 

The Action Research process enables educators to learn about their own teaching 
practices and monitor how new practices improve students’ learning. The core of 
it in education is seeing educational problems best researched in the classroom, 
factual or virtual; it regards teachers as most suitable and capable of setting research 
goals, defining findings, and applying them immediately. One of the most important 
principles of action research is sharing ideas openly and accepting the results with 
mutual support. The research described in this article was conducted as Collaborative 
Action Research (CAR) focuses on studying a problem or issue in some classrooms, 
by several teachers from many schools (Lesha 2014, p. 382). 

Collaborative action research has many benefits: Improving students’ achieve-
ments, enhancing teachers’ openness to new ideas, and improving willingness to 
communicate with colleagues (Lesha 2014, p. 383; Eikland 2019). 

Teachers feel empowered as professionals and willing to implement the changes 
they recommend (Lesha 2014, p. 384; Vaughan et al. 2019, pp. 133–136). Students are 
revealed as a new source of data, unveiling information that teachers are normally 
unaware of (Vaughan et al. 2019, pp. 135–138).The partnering of teachers from 
universities and colleges of different countries, as was done in the collaborative action 
research discussed in this article, is unique. Virtual tools in general and especially 
in times of crisis enabled teachers to cope with the limitations of time and distance 
(Yaar-Waisel and O’Reilly 2022). Dr. Tal Yaar-Waisel taught the lessons on zoom to 
classes in Austria and in Ireland. “Padlet” and “Google forms” were used to gather 
material from the students. The meetings between the researchers were frequent, all 
conducted on zoom. 

Research Questions

• What are the similarities and differences in reactions of students from different 
societies to the same study unit and what are the causes of these similarities and 
differences?

• Do primary sources get different responses from students with different back-
grounds and why?
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Table 1 Collaborative Action Research, database summary table 

Country Date Number of Students Institution and Degree 

Israel Oct. 2020–Jan 2022 
(3 lessons) 

72 Oranim College of Education 
BA, MA 

Austria May 2021 
(3 lessons) 

66 The University of Vienna and the 
KPH* College, BA, MA 

Ireland March 2021–Oct. 2021 
(2 lessons) 

22 Dublin City University (DCU) BA 

Total Oct. 2020–March 2022 
(8 lessons) 

160 

*Kirchliche Pädagogische Hochschule: Ecclesiastical College of Teacher Education 

• How and in what way should we discuss moral dilemmas when teaching history 
and geography?

• What current issues are raised by students when they learn about the destiny of 
Austrian Jewry in the Shoah and how should we discuss them in class? 

The lesson was delivered 8 times on zoom to 160 students, between October 2020 
and January 2022: 22 from Ireland (two lessons), 66 from Austria (three lessons), 
and 72 from Israel (three lessons). All are BA and MA students: 55% (88) are MA 
students and 45% are BA students. All the students prepare to become teachers and 
educators (see Table 1). 

Students study through micro-history, the personal story of Mrs. Bloch, the macro-
history, and the destruction of Austrian Jewry in the Holocaust. After reflecting on 
their own inquiry work, the students formulate new questions that are gathered on 
“Padlet” boards. 

In addition, after the lesson, each student fills in a “Google-form” questionnaire, 
which includes 11 questions. The questions invite the students to share their feel-
ings and thoughts with the researchers. All the material is gathered anonymously; 
identifying details are general basic details such as the country, the course, academic 
degree, and general idea of the syllabus. All “Padlet” boards and “Google forms” 
were translated into English (from German and Hebrew) and have been analyzed. 

Findings 

At first, the intensity of the emotions that the classes evoked. When asked about 
their emotions during the study of Karoline Bloch’s story, Austrian students used 
a wide range of adjectives with expressions such as “interested” or  “impressed,” 
which tend to describe the rational approach, and then go on to stronger emotions: 
“excited, touched, empathized, shocked, horrified….” The terms do not stand alone, 
however, but are examined more closely by relating them to one’s own family history. 
This reveals a reference to the present, which is also applied to other topics such as
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refugees. There is emotional identification with the suffering of the Jews, especially 
stimulated by the biographical work on Karoline Bloch: 

In contrast, both Irish and Israeli students limit themselves to “sad” and “moved” 
to express their feelings, although they also felt touched and appreciated studying a 
real biography. 

In general, it seems that the Austrian students were much more touched by the 
story than the Israelis. The Israelis remained mainly on the basic level of appreciating 
the story. Many Austrian students were shocked that such a scenario of persecution, 
escape, and displacement could have taken place in Vienna not so many years ago. 
Some imagined what they would have done if they had lived in that awful period. 

The question: “Do primary sources get different responses from students with different 
backgrounds and why?” aimed at the national level on which students approached Karoline 
Bloch’s story. Here, Austrian students show a range of thoughts that can be summarized: The 
biography is suitable for learning from history, dealing with the victims—whereby “victims” 
does not only mean Jews who were killed in the concentration camps—and showing that 
this shocking story happened in the middle of Vienna. This builds a bridge to the present 
and to questions about options for action: “Perhaps the most existential question: what if I 
had been in this situation myself …? What if I found myself in a similar situation today?” 

Finally, the narrated story is connected to one’s own family history. 

I recently found such papers myself. However, these were from the Nazi side. There were 
many different postcards, most of which were signed by Julius Raab (the Austrian Kanzler 
1953-1961). We also found many other documents from this time at home. So, I almost had 
a direct comparison. After hearing the story from another side, I tried to picture the story of 
my relatives. 

Israeli and Irish students, on the other hand, focus on the story and fate of Karoline 
Bloch and hardly relate it to the present. Some asked what should have been done to 
prevent the catastrophe. They expressed an obligation to act so that the catastrophe 
does not happen again. For some, the story provided a reason for exposing their own 
family story, at times the story of the perpetrators. 

To encourage students to engage with the story, they were asked to address 
questions that arose from the narrative to Karoline Bloch. 

The impression is that for the Austrian students, the story is much more than “a 
story.” For them, the past and present are bound together in the current scenery of 
Austria and the city of Vienna. They are looking for answers to questions referring to 
anti-Semitism and racism in Austria today, asking “How can one draw conclusions 
from what happened in the past regarding the dangers ahead?” They have a criticism 
about the ways the Austrian state and society handle the memory of the Shoah and 
WW2 and the students would have liked to consult Mrs. Bloch about those issues 
if it were possible. In a way, Dr. Yaar-Waisel, as a descendant of Karoline Bloch, 
can relate to their dilemmas from current reality. They also want to know how they 
should teach the theme in schools: 

More precisely, how she is teaching the theme and exchanging experiences with how we 
teach in Austria and what she thinks about it. What does she think about anti-Semitism and 
fighting against it?
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From Israeli students’ point of view, the story of Karoline Bloch is one of many 
they were exposed to. Some of the Israeli students are Arabs who have a historical 
interest in the emigration story of Mrs. Bloch; they deal with the question: Why did 
she become a Zionist? They also discuss major current dilemmas in Israeli society: 
Can Israel be at the same time Jewish and democratic? Students in Ireland ask mainly 
questions about the suffering and destiny of Karoline and her family. 

Moral and Global Dilemmas 

Addressing the moral dilemmas the lesson evokes, Israeli students have broad refer-
ence to family dilemmas: Family versus life, family versus Zionism. The Irish 
students return to Nazi Germany and that period and focus on the value dilemmas 
raised by Nazism, and human moral dilemmas: “Right and wrong, the abuse of 
power.” The connection to current moral dilemmas in the Land of Israel is also 
mentioned. It is repeated several times by Arab Israeli students but appears only 
once in Austria, without using the word “Palestinians”: 

The difficult history of Israel and the dispute over the West Bank are difficult to grasp. On the 
one hand, the Jews of the world are undoubtedly entitled to a homeland; on the other hand, 
the creation of this homeland has sparked a major, almost insoluble dispute in the region at 
first, we were impressed by the intensity of the emotions that the classes evoked. 

Austrian students have a wider range of moral dilemmas, from personal ones 
“During the session, I constantly felt the need to apologize. Is it appropriate if I do 
this? Is it my duty to feel this way?” to dilemmas on the national level, many about 
“unsolved issues.” It seems these questions derive not only from Mrs. Bloch’s story, 
but also many are about Austria during WW2 and the post-war time. 

What was the learning effect in relation to current global dilemmas? 
The most important issues for all groups of students, nearly one-third, are discus-

sions about the possibility to learn from history or from the past and the connection 
with human rights. Maybe they focus mainly on that because human rights were 
explicitly mentioned in the question. Some students used the expression “human 
rights” explicitly in their answers; others mention one human right indirectly, as 
an example. Many students from Austria and students from Israel deal with the 
controversial question if human beings learn from history or from the past. Israeli 
students feel that human rights are not protected—instead, they are violated. The 
Irish students focus more on the right to movement and the right to travel while the 
Austrian students are aware that they enjoy some rights while in other states people 
are deprived of them. Human rights are not observed everywhere; the main claims 
are for equal rights for everybody, because “all people are equal because they are 
all human beings regardless of the color of their skin, religion, gender, etc.” While 
half of the students believe that it is possible to learn from the events of the past, the 
other half represent the opinion that things stay the same and “people don’t learn 
from past mistakes.”
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An Israeli student calls it “amazing that there are things that have not changed,” 
while another has hope that “one can draw conclusions from other people’s expe-
riences and learn from the results of their decision.” More Austrian than Israeli 
students also see the relevance of the story to global dilemmas in ongoing discrim-
ination which is still taking place. In Ireland, the last two points are not mentioned 
at all. 

In all groups of students, there is considerable emphasis on the relationship 
between Karoline Bloch’s story and migration/refugees. In Israel, students stress 
the dangers and the economic situation involved in the dilemma of immigration, and 
the motivation of people to leave their home countries is enquired. One student goes 
deeper and says, “you can learn about the plight of immigrants and refugees and 
various minorities in the world.” When Irish students look at migration, they focus 
on the point that immigrants are forced to leave their homelands due to persecution. 
People who don’t want to stay in their home countries anymore due to the feeling 
of uncertainty must have the possibility to move: “[…] right after Mrs. Bloch left, 
travel for Jewish citizens was blocked, which is a violation of freedom of movement.” 

Austrian students also see that there is always a reason why people leave their 
homelands and claim that there is a responsibility to take in refugees, especially in 
times of a pandemic. One student learns from the story how Karoline Bloch must 
have felt without belongings and without money. He/she draws the conclusion that: 
“Refugees today feel similarly when they come to Austria or wherever and we should 
treat them accordingly, instead of antagonizing and fearing them.” 

In Austria and in Ireland, students find parallel mechanisms established by Nazi 
society and additional societies today; mainly Austrian and Israeli students reflect 
upon it in a more personal way, wondering how people should live together and what 
the difficulties in interpersonal relationships are. As personal insights, the Israeli 
students write down that “hatred of the other leads to severe harm to the person 
and his environment.” In Ireland, the banalization and the normalization of evil 
are extracted as the core of the story. Austrian students instead are advocating the 
possibility of peaceful coexistence. Many keywords such as respect, helpfulness, 
esteem, and appreciation are mentioned. 

Only in Austria do students feel the need to talk more about the subject in general 
and within the family. One student thinks that the question is rather difficult and that 
she/he has “to think about [it] a little more.” 

Learning Effects and New Insights 

The affirmation of the fact that the students learned something important was very 
high, especially in Austria, as only one Austrian student denied having learned 
anything significant. One-third of the students give a more detailed description 
of what they learned in general. Especially for Austrian students, the focus is on 
biographical research in general and the necessity to learn from their own family 
history. They found out that family documents are very important to trace their
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own family histories. The lesson showed them that it is important to explore one’s 
own family (hi)story by talking to grandfathers and grandmothers, exploring family 
documents, and visiting sights in Vienna: 

The unit showed me how important it is to deal intensively with your own family history. 
As soon as possible, I would like to talk more intensively with my grandparents about their 
experiences from the war and record them in some way. 

Israeli students see the connection between past and present similarly. They also 
want to explore their own family history and want to make sure that such branding 
and exclusion won’t happen, as the Israeli slogan says: “Leolam lo od” (in Hebrew, 
never again). The teacher plays an important role in understanding the relevance of 
the past: 

I learned that a teacher could share something personal, and that does not undermine his 
authority; rather, it strengthens his bond with the students. 

In this context it is interesting that only students from Israel focus explicitly on 
the importance of Zionism in the story of the Jews: 

It is important not to forget the journeys that the Jews made, the atrocities they went through, 
and the strong connection to a foreign and undeveloped country that they knew only from 
stories [Zionism, love of the Land of Israel]. 

Israeli students reflected through the story on the meaning of life and the impor-
tance of building connections with other people. They think it is important to tell 
your own stories and to listen to the stories of others. Through these, we can learn 
empathy and we “become human beings.” 

Irish students, from their perspective, learned what oppression and persecution 
can cause and concluded that discrimination should never be tolerated. Another 
lesson learned from them is aware of the damage fascism causes. In Austria, students 
summarize the learning effect also as follows: 

It can be learned from it that slander is not beneficial, that historical learning is important to 
understand how people feel and that history should never be reduced to memorizing dates, 
facts and figures, that human rights are valued [and] respected…. 

One may not “label” or condemn somebody because of his/her origin, religion, 
etc. “We should try to avoid such dilemmas by seeking dialogue with other people so 
that it will never ever happen again.” 

This lesson made students see the Shoah from another perspective—not only from 
historical texts and facts but also through the perspective of a fugitive’s biography. 
Being taught by a descendant of a survivor helps a lot. Students now realize that 
anti-Semitism spread beyond Europe and see how important it is to talk about it. In 
conclusion, they understand that society must prevent the exclusion and persecution 
of people, and individuals in society shouldn’t let it happen. 

Irish students reveal broad consensus with Austrian and Israeli students: 

The Holocaust happened in stages. Branding Jewish peoples’ passports was a small act in 
comparison to the concentration camps, but it is important to see these steps in history and 
recognize them in the world today to avoid the same horrible acts occurring.
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Among all the themes mentioned in the lesson, Israeli and Austrian students 
focused on emigration and learning from a document—the passport marked “J.” 
They emphasized the distinction between past and present: 

Documents present and teach a whole world without words - from the passport with the 
marking of Jew, through the visa issued both in Brazil and in the Land of Israel to the 
application letters written from the Land of Israel and presenting the difficulties that were 
here. 

Irish students, on the other hand, expressed interest in human fields like 
oppression, injustice, politics, and family. 

Most remarkable is the connection students make between the story of Karoline 
and their own family stories. They don’t speak about their personal connection but 
about the connection of their descendants. Fourteen Israeli students—some Arab— 
and six Irish students find personal connections but with different focal points. Jewish 
students link the story to the migration of their families from different places from 
Europe and the Arab countries and the description of departure and restart. The 
students from Ireland see the story in connection to the immigration trauma of the 
Irish people. Austrian students cannot find a connection to their own family stories, 
“because none of my [their] ancestors were Jewish,” but they speak about their 
personal (emotional) involvement in being ashamed: “As an Austrian, my past, like 
my family history, is linked to National Socialism and as a person who lives in Austria, 
one should also deal with one’s past.” 

Israelis and Irish students draw the conclusion that we should sympathize with 
human suffering, no matter when or who suffered. Austrian students, instead, express 
a clear distinction between the "Holocaust of European Jews in World War II" and any 
other suffering, even if it was in World War II, and included unwanted persecution 
and immigration. 

For the students, teaching by using a life story was a novelty, because they didn’t 
see this way of teaching before. Most of the answers express the value of family 
stories and students’ liking of the biographical approach. “I realized how important 
family history is.” The life story appeals to emotions, while history in general turns 
to logic. They mention some facts of the biography they heard as new to them. The 
fact that the family members never met again, because of their flights to different 
countries, is mentioned by Irish and Austrian students. Listening to an individual and 
“concrete family story” of an escape is also very meaningful for Austrian students. 
Two of them are also excited by the fact that it was a different story, “another fate of 
a Jewish family at the time of National Socialism” that ended with salvation and not 
with deportation to a concentration camp and extermination. The passport itself and 
its specifics are described as an innovation, allowing insight into a Jew’s life at the 
time. Further, students get to know a Jewish Viennese woman’s life in the twentieth 
century, the procedure of leaving Austria at that time, escape routes, etc. 

But besides this, the acquisition of historical knowledge is mentioned by Israeli 
and Austrian students, knowledge that came along with the story. Israeli students 
focus on the history of Great Britain, especially “the struggle between Italy and 
Britain.” One Austrian student learned about colonial history: “I was not aware that
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Palestine was still a British colony at that time.” In Ireland, one student is taken by 
the fact that some people were able to predict that Hitler had planned to persecute 
Jewish people in Europe. 

The way the lesson was taught was especially new for Austrian students. They 
like the teaching of a professor from a foreign university,8 which they find moving 
and educational, especially because the teacher is involved, as it is in this case. Some 
of the students reflect also on a personal level. The story also opens an exciting “link 
between the knowledge [he/she] acquired in school and the knowledge [he/she] can 
connect here with a real story.” 

Students’ personal reflections go further and take into consideration also their 
individual roles as teachers and their search for ways of teaching the subject of 
the Holocaust. Students in Israel, training for teaching, learned that sharing personal 
experiences and feelings by teachers can strengthen the connection with their students 
and provide better learning. The Austrian students became more interested, and the 
impact was to read more about the subject. They wanted to know more about how to 
teach, what could be told to children, and what should wait until an older age. They 
wanted to be prepared well for that task and thought that Shoah’s education should 
start as soon as possible, in elementary schools. But students also learned something 
for their lives and for the future; they appreciate their own family stories and want 
to explore them. The Irish students see the “importance of memory and history in 
current life” and feel the urge to be vigilant for any kind of populism which often has 
a binary logic that makes one side “pure” and the other “evil.” In Austria, a student 
reflected on how precious it is to spend one’s life in freedom together with family 
and friends every day and be able to choose the way of life. One should enjoy each 
moment. 

It is evident that all the students involved in this experiment learned a lot from the 
lesson about Karoline Bloch, taught with the help of personal documents. Influenced 
by narratives of their own countries, Israeli students focus mainly on the story of 
Zionism and Great Britain in connection to Israel, while students from Ireland realize 
the problem of freedom of movement for Jews. Austrian students are touched by the 
fact that the story of Mrs. Bloch took place in their hometown and that they are 
mainly descendants of the perpetrators and must cope with the heavy burden of the 
past. The narrative “never again” is very present for them as well. 

Narratives and Their Influences on Students’ Responses 

The findings obtained in this study were examined in parallel with the relevant 
national narratives. Our basic assumption was that students’ responses are based on 
systems of beliefs, images, and values they absorbed from their national narratives. 
Education systems in different countries make efforts to develop and pass on national 
narratives that contain values and justifications for the existence of the national state.

8 Normally only professors at their own university are teaching. 
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The national narrative interprets history, selecting facts and events with the aim of 
preserving the nation. These narratives are reflected in many aspects of local culture, 
starting from kindergarten to all stages of life, and become a crucial part of social 
consensus (Anderson 1991). 

The Irish Narrative 

Irish students from Dublin City University were not a directly “involved” group 
when they were exposed to the same story and lesson. This is more significant, as 
this group has no direct connection with the fate of Vienna Jewry before World War 
II. 

Additionally, the story opened my eyes to a different side to what I originally thought about 
Jewish migratory efforts during the 1938-1941 period. 

I learned a lot more about World War II and the way in which the different religions were 
treated. I also learned the importance of family and love. 

It has been presupposed that when Irish students heard the story, they would 
relate to it based on the Irish narrative (Brady 2012) in which civil rights are very 
significant, and immigration is a survival option. Issues like religious uniqueness in 
one’s surroundings, return to culture, language, and names, the renewal of historical 
narrative, and valuing of independence—are not to be taken for granted.9 

Irish students dock into their country’s history when confronted with Karoline 
Bloch’s family history. Many parallels are drawn here. First, the dead from their 
own families are named—in the struggle for independence. “There are similarities 
to many Irish family histories, as many Irish people have family members who died 
during the struggle for independence.” However, that is not the only connection 
they make. The ethno-religious conflict that had been simmering for centuries and 
the Penal Laws enacted in 1700, which discriminated against the Catholic population 
and excluded them from public office and elections, are also associated with Karoline 
Bloch’s story. “I felt upset at the story, the fact that Mrs. Bloch had to get her 
passport stamped with a J from the Nazis because of her religion, was outrageous.” 
The issue of migration also plays a major role in Ireland, as the country had to 
cope with a large wave of emigration—caused by impoverishment and famine— 
before becoming a multicultural immigration country itself. “I’m sure many people 
of many nationalities relate to essential/forced migration due to religious or ethnic 
reasons.” The conflict caused by the division of the island (Northern Ireland conflict) 
and currently Brexit does not allow the population to rest and raise questions about 
border demarcation or border crossing. Freedom of travel has become a highly valued 
commodity.

9 We thank Prof. O’Reilly for his contribution on the subject. Please see acknowledgement at the 
beginning of the article. 
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People should have the right to travel where they want to, no matter what religion they are. 
And if they do not want to be in a country or do not feel safe somewhere, they should have 
the right to move. 

These quotes strongly show the connection to the Irish narrative and history, the 
human vision, and the connection to human suffering; they attest to students’ ability 
to connect the past with the present. The distance from the story itself did not alienate 
the Irish students from emotional involvement as part of “humanity.” 

The Israeli Narrative 

The Israeli narrative (Shindler 2012) as it probably influenced the students’ comments 
is very complicated since Israeli students represent different national affiliations 
within Israeli society: Non-Orthodox Jews, religious Jews, and Arabs—mainly 
Muslims but also Christians and Druze, all studying together in one teacher training 
program. The “Israeli Narrative” might represent mainly non-Orthodox Jews, who 
are the majority, with the most important influence on the national narrative: 

Jews should be in their homeland—in the Land of Israel. Jews cannot feel safe 
anywhere else in the world where they would feel as if “in exile.” Sooner or later, 
they will suffer badly in exile. The only way to prevent the Holocaust from happening 
again is to maintain a strong, independent Jewish state in the land of Israel. 

I learned that we must not forget the journeys that the Jews made, the atrocities they went 
through, and the strong connection to a foreign and undeveloped country that they knew 
only from stories. 

Jews in Europe suffered from anti-Semitism and persecution and did not always 
understand the outcomes. Maybe it’s not much different from what’s happening 
today. “Jews lived in a completely routine way and did not necessarily feel the future 
to happen.” 

All peoples of the world “stood aside” and did nothing to prevent the Holocaust 
of the Jews; not only the ones who were active in the extermination camps are to 
blame. 

It is important not to stand aside and let events happening in the world pass by. 

Everyone who immigrated to the Land of Israel before World War II made a smart move 
because he acted as if he could predict the danger. At the same time, this option was not open 
to many because the other countries did not want refugees and there was a small number 
of immigrant permits known as ‘certificates’ [given by] the British Mandate in the Land of 
Israel. 

Even today, as the world progresses and modernizes, it is very difficult to stop 
countries that commit crimes against their people. The “survival” mode is when you 
do what you can to be saved and escape wherever possible. Israeli students did not 
respond like others who asked: “Why did the brothers choose to separate?” as it is 
understandable one is doing what he can to survive.
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It is important to learn that the Jews had few opportunities and that those who managed to 
emigrate and flee Austria were in fact brave and adventurous. It is important to learn to be 
alert to the environment and follow one’s gut feelings. 

TheShoah of the Jews in Europe during WW2 cannot be compared to any suffering 
of other people (in evilness, in scope, in dimensions, in cruelty, in the organization 
and in systematizing, in the indoctrination of the masses, in the participation of the 
peoples and in the wide geographical space). The parallel word in Hebrew to the 
word Holocaust is Shoah. 

Involuntary immigration of people causes human suffering. Similarities can be 
found between different family stories. From the earliest days of Zionism, there was 
a rift in many Jewish families, when younger people emigrated and left the older 
generation behind. Sometimes it went along with leaving behind the religious way 
of life. Other families didn’t see emigration as their choice. 

Those who did not perish in the Holocaust were very lucky, so even Jewish students 
were surprised that this story does not have a “happy end” …  

One must learn about the Holocaust to learn lessons from it. The historical memory 
of the Jewish people is of great importance. Only studying the past will guarantee 
that a Shoah will not happen again in the future—even if there are those who doubt 
that you can learn from history. “It is impossible to learn too much from the past.” 

Israeli narratives appear in students’ words clearly: You need to be strong; the 
Jewish state and Jewish suffering are important. 

The Austrian Narrative 

Austrian students live in the area where the Shoah took place. As early as 1993, 
Tony Judt found that in practically all countries in which National Socialism had 
influence, the narrative is shaped by two major narratives: the victim myth and one’s 
own resistance (Judt 1993, pp. 87–120). In Austria, this image was shaken when, 
in 1986, the discussion about Kurt Waldheim’s candidacy for the post of Federal 
President raised questions about his involvement in war crimes. Suddenly, guilt and 
responsibility are the focus, which is dealt with in emotional debates. Linked to this 
is a new culture of remembrance that—influenced by political discourses—produces 
new places of remembrance. On the recommendation of the ministry, schoolchil-
dren are brought in masse to Mauthausen to be taught about the Shoah there. Who 
remembers how, when, and where? are questions that are visibly negotiated through 
monuments and other visible sights in public space. In large parts of Austria, the 
victims of the National Socialist regime are commemorated next to those of the 
fallen soldiers of the German Wehrmacht. As early as the late 1940s, there was less 
talk of perpetrators in political and public discourse. The topic is pushed more and 
more into the background, as more people with National Socialist sentiments hold 
public and political offices again.



Comparative Dimensions of Teaching in Austria and in Israel: Holocaust … 171

I asked how she found Austria’s way of dealing with its past. I asked this question because 
her family was affected by National Socialism and Austria has often denied its past. 

Interest in coming to terms with complicity is falling in favor of a narrative that 
focuses on the identity-forming features of Austria’s new democracy. The national 
narrative emphasizes resistance to German occupation and the efforts to build a 
democratic state which is committed to neutrality, human values, and international 
cooperation (Federal Press Service Austria 1990, pp. 23–36). This also included the 
fact that the resistance of Austrians was claimed by the two major parties (Christian 
Social and Social Democratic) and the Communist Party in different ways. 

“By 1949 at the latest, the split between a foreign policy and a domestic politi-
cally functionalized narrative became clear: In relation to the Allies, the women and 
men of the resistance were the ones who embodied actual Austria; compared to the 
voters, on the other hand, those who returned home and those who were killed in the 
bombing were the ones who represented Austria.” (Pelinka 2007, p. 15) From 1955, 
however, the resistance issue became a niche topic for a small group. According to the 
Austrian political scientist Anton Pelinka, the two groups that shaped the resistance 
significantly are the communists and the monarchists. Neither played a significant 
role in the post-war period and so the narrative of the resistance is still shaped by the 
major parties today (Pelinka 2007, p. 18). 

As many perpetrators didn’t want to talk about the NS Regime and their active 
participation in WW2 within their families till now this period remains hushed up 
by a big part of the Austrian population. 

In my environment, the Holocaust seems like something that is not entirely real. To hear 
about it from such a directly affected person is eye-opening for me. 

There should be more people who deal so intensely with the past of their ancestors. 

Students identify talking about the Shoah and WW2 as important in order to 
become aware of the importance of tolerance and openness. “I am reminded once 
again how important it is to talk about this time. It becomes clear to me once again 
how important it is to be tolerant and open.” 

Today, on the one hand, the memory of the Shoah is characterized by the official 
slogan: “Never again!” This is intended to draw attention to the fact that preventive 
measures must be taken so that genocides are a thing of the past. “Today we have to 
deal differently with people who are excluded from society.” 

On the other hand, Austria was downgraded to an electoral democracy and plum-
meted 14 places in the Reporters Without Borders ranking and is now ranked 31st 
on the Press Freedom Index. 

One always wonders how something like that could have happened. That so many people 
took part. But on the other hand, something like that can happen very quickly if people don’t 
stand up and precisely point out injustice and racism. 

The "never again" degenerates into mere lip service on the part of many politicians, 
in that they specifically stand against taking in more refugees and give the wrong 
impression that Austria has taken in a larger number of people, while the facts are
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different. It can be felt in the answers of the students. “I learned that we do not have 
to remain silent.” 

There is tension between ban and discrimination “on the basis of color, race or 
ethnic origin” and, at the same time, the desire for a stricter immigration policy. 
We could also speak of a tension between the assessment of "multiculturalism" and 
unlimited immigration. “ [It] Reminds of today’s refugee problems (no state wants 
to accept refugees)” and today we are in “Post multiculturalism era.” 

The debate about religious affiliation and religious freedom is also embedded 
in the refugee discussion. Islam, to which many of the refugees adhere, is often 
portrayed as a threat. Students reflect on that and question the place of religion in 
life. They legitimize the existence of different religions, within the secular state. 
“Having a different religion doesn’t mean being a bad person.” 

Why do people have to be treated differently because of their religion? 

The answers of Austrian students show that in our study young people seem to be 
more influenced by today’s official narrative they absorbed in school than by older 
narratives. 

Summary 

As this study’s findings demonstrated, familiarity with the same story and learning 
the same lesson led to different responses regarding feelings, thoughts, and reactions. 

Students’ different narratives and responses to the same lesson led the research 
team to look for similarities and differences between them, thus answering the ques-
tion: Is teaching based on primary sources perceived differently by students from 
other countries? This research indicates differences and similarities between Austrian 
and Israeli perceptions of the lesson taught in both countries. 

Irish and Israeli students who were emotionally touched or sad focused mainly on 
the biography of Mrs. Bloch. Austrian students used stronger expressions for their 
feelings, such as shocked, horrified, etc. 

Israeli students see this story as “one more” history lesson; they don’t see this as 
a special event or unique family story, while Austrian students find it special. 

As the story is related to Vienna, the place where the students live, Austrian 
students connect the story of Mrs. Bloch closely with their present. They feel that it 
has something to do with their lives and with the dilemmas they experience today, 
such as growing anti-Semitism in Austria and Europe. For the students from Vienna, 
the fact that the events took place in thier city, was the most important detail but for 
the Israelis, it was not important at all—could have been in any other European city. 
Therefore, in Austria students think that for descendants of Austrian Jews, it must 
be very emotional to visit or return to this city and they were interested to hear about 
it from the storyteller.
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Austrians are also interested in the apartment left behind in Vienna. Israelis hardly 
pay any attention to that. All Austrian Jewish families have similar stories about 
property that was left behind. 

Moreover, Austrian students see this story as a Jewish story and therefore cannot 
see a close connection to their own family history. What is interesting here is that 
apparently Judaism and Christianity are related and compared to each other, and the 
conclusion is drawn that there is no connection between them. The idea that it could 
possibly be a perpetrator-victim story, i.e., the involvement of one’s own family in 
the atrocities against the Jews, is completely left out. 

For the Israelis, it was a story about immigration. 
All the students acknowledge the importance of talking about the past and 

exploring their family stories. While in Israel students are used to dealing with their 
family’s stories already in their schooldays in Austria it is still a taboo for many 
young people to ask their ancestors questions about their family history in WW2 and 
(grand)parents didn’t talk about their experiences. On the side of the perpetrators as 
well as on the side of the victims, the silence was kept about the time of the Second 
World War. Some did not tell anything because they did not want to burden their 
descendants with the trauma of what they had experienced, and others kept silent 
because they wanted to leave their complicity behind and would have preferred to 
see themselves as victims of the war. 

But hearing and talking about the stories is more than only getting new 
information. It can also contribute to a change of perspective. 

Many family members who could be interviewed about the WW2 period are no 
longer alive today. Nevertheless, the students recognize the importance of dealing 
with their own family history. They conclude that they need to talk to previous 
generations in their family about the past as long as it is still possible. 

Israeli students also mentioned Zionism which was an important movement for 
the establishment of Jewish state. Israeli and Irish students found similar themes 
between this story and the story of their ancestors. This is not the case with the 
Austrian students, who find themselves in a conflict between their values today and 
the history of Nazi Austria in WW2. All students learned much about the suffering 
of refugees and relate it to current international problems of war and displacement. 
Some historical facts were new for many of them. 

In addition to personal interest, students also have a professional interest and are 
interested in how to address the Shoah topic well in the classroom. Some of them 
express insights into their role as teachers. 

It is new for them that a teacher tells his/her personal story, and they are amazed 
by the teacher’s readiness to tell and share a private family story. Some of the students 
were shy and afraid to offend a family member with a question, in interviews. 

A teacher’s choice to share his or her personal story is not taken for granted. 
Students greatly appreciate this personal approach as a contribution to teaching and 
it strengthens the relationship between teacher and students. “A teacher can share 
something personal, and that only strengthens his/her connection with the students.”
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Telling a personal story makes it come alive in the classroom and makes it seem 
even more believable. “Stories can have a huge impact on students; it is learning 
history through concrete people and fates. Learning through empathy.” 

In addition, the students are amazed at the effect the use of an artifact—in this case, 
a passport—can have. For them, this is an extraordinary method, as is the personal 
approach of the teacher, both of which can have a great impact and students have 
discovered both as a new way of teaching. 

It is unbelievable that an “everyday object” like a passport makes tracking VISIBLE in a 
vivid way. I am impressed that artifacts have the power to evoke moods and create history in 
the mind and they can help to understand family histories. What I find most important is that 
personal engagement and storytelling make it possible for us to understand parts of history 
and our own lives and to learn from them. It is wonderful that these symbols/stories are being 
used in the classroom and for generations to come so that they can reduce stigmatization and 
make history learning individually meaningful. 

In school, only facts and superficial knowledge were presented. I got an inside perspective 
that I would never have gotten otherwise. 

Human values, humanism, and human rights are common denominators of all 
students. All were educated in free democracies and appreciated it highly. 

Epilogue 

The researchers were amazed by the level of interest and cooperation shown by the 
students from the three countries. Humanistic approaches were explicit in the urge to 
discuss actual problems of human rights, immigration, and refugees. It was proved 
that Shoah is not only a “chapter in history” but is also gaining meaning for the 
younger generation. 

As teachers and researchers coping with the challenge of Holocaust education, the 
writers believe that the current digital age must be embraced. The change becomes 
even more acute especially because witnesses to the Shoah disappear (Kantsteiner 
2017, pp. 331–336). New ways of teaching the memory and the moral impact of 
the Shoah must be adopted by future generations. Our CAR is a modest step in this 
direction. 

Further research could focus on the development of teaching materials by teaching 
students. In addition, the teaching of the story can be extended to other places in the 
world: North and South America, and other European countries. Holocaust education 
should also focus on bringing students together to learn from the history of their 
countries. It is important that exclusion, tracking, racism, etc. in relation to Jews 
did not happen only in Germany and Austria during the Nazi era. It is a worldwide 
phenomenon and students should be aware of that and know how widespread anti-
Semitism is and how they can fight it together. 
The writers believe this research will encourage teaching the Shoah in high schools, 
colleges, and universities, and more explicitly in teacher training education.
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raphy teaching by means of resources based on Geographic Information Technolo-
gies and geoinformation, but specifically in the examples of collaborative cartog-
raphy at different scales, as these present the necessary actions to respond to the 
need to improve digital competencies and increase the adoption of digital educa-
tion methodologies. Through its implementation in the Geography Teacher Training 
Master’s Program for Secondary Education, but also in the schools involved in the 
internships, the digital literacy of teachers and students has been developed in a 
comprehensive manner through the use of collaborative mapping. Digital literacy 
is implemented by the use of Geographic Information Technologies (GIT), in such 
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Introduction 

During the last two years, the measures taken to combat COVID-19 helped us to 
verify that there is a significant gap in digital literacy issues in the countries of the 
European Union. Education and training systems around the world were affected and 
stressed like never before by this pandemic, which has radically changed the way we 
learn, teach, communicate and collaborate in our education and training communities 
and between them. This fact had repercussions on students, their families, teachers, 
trainers, school management and society in general. It is promoting a transformation 
in education, activating the use of online information and forcing us to reflect on 
teaching tasks from a completely new perspective. And also we discovered new 
opportunities in this process: tools and methodologies that can improve learning and 
motivation or new directions of advance in our field of research. 

Therefore, at an educational level, we can talk about the role of the pandemic as 
an accelerator of trends, with changes in the contents and in the way of doing science 
and teaching. During these two years, we have attended to an effort in collaboration 
and a truly unprecedented volume of scientific-educational information exchange. 
Not only the most immediate obstacle such as the mobility restrictions imposed by 
the confinement was possible to overcome by online collaboration tools, but also the 
limitations in resources and capacities inherent to small groups of educators. In this 
context, geography has acquired special relevance since the pandemic has caused an 
increase in the demand for geoinformation—statistical and cartographic—by society, 
registered both in access to specific web portals and in monitoring and interactions 
of socio-geographic profiles in social networks. All of this is accompanied by an 
encouragement of spatial citizenship, at the level of both the country and the European 
Union. 

In such circumstances, geography and in particular geographic education are 
essential in the current paradigm of global change and sustainable development, 
since they are the disciplines that provide us with knowledge about society and the 
territory at all educational levels. In addition, in this area, the technologies (particu-
larly geospatial technologies, Geographic Information System (GIS), digital atlases, 
remote sensing, geolocation-based mobile apps, etc.) have had great impact on inno-
vative learning and educational benefits: didactic resources, pedagogies, inquiry, 
problem-based learning, learning and service, etc. 

In this way, we can affirm that geography is an essential subject for the consolida-
tion of spatial citizenship and digital literacy, as indicated by several recent studies 
(Georgeson and Maslin 2018; Liverman  2018; Nightingale 2018; Sultana 2018; Fu  
2020). At the same time, the transversal approach to understand and combat this 
crisis requires good learning of school geography for the sake of digital geographic 
education that advocates change, as shown by both previous international works 
(De Miguel González and Sebastián-López 2022; Sebastián-López and De Miguel-
González 2020) as examples of good practices in European digital geographic educa-
tion (Sprenger and Nienaber 2018; De Lázaro y Torres et al. 2020; Jeronen 2020), but
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Table 1 Integrated framework of geographical competences for international curriculum and 
assessment (De Miguel 2021a) 

especially for the setting of an integrated framework of geographical competences 
for international curriculum and assessment (De Miguel 2021a) (Table 1). 

However, it should be noted that, even though this process of democratization 
and use of geospatial technologies and open data have increased exponentially in 
the last two years during the pandemic, we have also been able to verify that there 
is a significant gap in matters of digital literacy in the countries of the European 
Union. Spain has also reopened the debate on educational renewal and the promotion 
of critical and democratic thinking through the efficient use of Information and 
Communication Technologies (ICT) and open data. This fact, at the same time, caused 
an increase in the demand for geoinformation—both statistical and cartographic—by 
society, registered in the number of accesses to specific web portals, as well as in 
the monitoring and interactions of socio-geographical profiles in social networks. 
Nevertheless, are teachers capable of critical and reflexive use of this information? 
Are geographic educators prepared for this change? 

Methodology 

In order to answer these questions, a survey was designed whose objective was to 
measure the degree of digital skills of geography teachers and their inclusion in 
their teaching praxis. This survey was sent to different middle and high schools— 
chartered and public schools—in Aragon (Spain). The sample size was n = 136 
teachers (with 96.3% specializing in geography and history and 3.7% in language 
and social studies). This sample is not homogeneous in terms of gender or age. In 
the case of the perception of their digital skills as citizens and teachers (Fig. 1), the 
obtained results were very high, since 88.2% of those surveyed considered that they 
had plenty of digital skills and that they could promote these skills in his students 
(80.9% of them answered in the affirmative way with arguments).

The measured aspects were (Mishra and Koehler 2006; Kampylis et al. 2015; 
Gómez 2016; Drummond and Sweeney 2017;Mishra  2019; Hidalgo Cajo and Gisbert 
Cervera 2020): (i) degree of knowledge of the European and national reference
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Fig. 1 General data of the respondents and their perception of the degree of their digital skills as 
a citizen and adequacy of their teaching practice to promote them. Source Own elaboration

frameworks to carry out the teaching project; (ii) use of reference standards to assess 
digital and geography-specific skills (Fig. 2); (iii) use of the methodology that serves 
to acquire the geographic skills through the efficient use of GIS and geoinformation 
(Table 2). 

Later, a series of didactic proposals were designed and implemented in different 
educational contexts. These proposals were mostly based on collaborative mapping, 
since it is an active learning approach that: (i) fosters the multi-causal explanation 
of spatial distributions and phenomena through an inquiry-based learning (Marrón 
Gaite 2011); (ii) increases the understanding of the spatial information and promotes 
the formulation of a working method and the subsequent presentation of geographic 
information (Souto González 1998); (iii) helps to put into practice the interdisci-
plinarity of knowledge, not only to geographic education but also to education for 
citizenship or connectivism (De Lázaro y Torres et al. 2017).

Fig. 2 Teachers’ perception of knowledge of the European reference frameworks to address their 
teaching project and assess their students according to standards. Source Own elaboration
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Table 2 Example of the most common responses on how teachers consider that the acquisition of 
specific and digital skills works in their subject 

Use of the computer and the mobile phone to carry out tasks, search for information, prepare 
documents… 

Working with different programs, working with classroom, email… 

Working with spreadsheets, using email and Classroom 

Interactive activities and programs like Edpuzzle, Genially, podcast, etc. 

Realization of activities where the use of digital tools is mandatory 

Presentations, Internet searches, resolution of online questionnaires 

Knowledge of different specific programs of the module 

Search for information online, work on the subject or presentation 

Webquests, tasks and presentations. Using: Genially, Canva, Google docs, Drive… 

Proposing different tasks where they must use the digital resources they consider appropriate 

Tasks, presentations, classroom management… 

Treatment of information, creativity, understanding and synthesis through the use of instruments 
such as Canva, Issue, Google documents… Organization of work and promotion of autonomy 
using Classroom. Cooperative and collaborative using the named tools and others such as 
Genially, Google presentations, Padlet… 

With ICT content 

Source Own elaboration

Last, a questionnaire was answered twice (pre- and posttest), in order to validate 
the collaborative mapping for the acquisition of digital skills in educators, this is, 
before and after the implementation of the didactic experiences that are using the 
TPACK teaching-learning model at two different competency scales: (i) one that 
is based on digital literacy; communication and collaboration; and another whose 
emphasis lies in (ii) digital content creation and problem solving. 

In this way, an experimental design was used in both the quantitative and quali-
tative approaches using questionnaires created from instruments already developed 
for the TPACK model (Schmidt et al. 2009; Valtonen et al. 2019; Cabero-Almenara 
and Llorente-Cejudo 2020; Cabero-Almenara and Palacios-Rodríguez 2020; Ortega-
Sánchez and Gómez Trigueros 2020). The questionnaires contained a first part of 
general identification and a second part that included closed, open and Likert-type 
questions (Cejas et al. 2016; Lopera et al. 2020), which corresponded to the self-
perception of the types of knowledge of the TPACK model. PCK (pedagogical content 
knowledge) in the questions that are oriented to the application of various aspects 
of geographical thinking and spatial competence and TPK (technological content 
knowledge) in the questions that are focused on the knowledge of the geograph-
ical information technologies (GIT) and its application in the different educational 
contexts.
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Case Studies of Didactic Proposals for the Promotion 
of Digital Citizenship 

It is evident that geography during the pandemic has had a certain advantage over 
other disciplines, since, as we have already seen, the use of geotechnologies in the 
classroom has proliferated exponentially in recent years (De Miguel 2019; Álvarez 
and De Lázaro y Torres 2018). However, the challenge of COVID-19 has forced 
teachers to reinvent themselves and to adapt not only to the need to acquire digital 
skills, but also to develop basic transversal skills in students (Carretero et al. 2018; 
Redecker and Punie 2017; Vuorikari et al. 2022), which are essential to the success of 
the educational process. Autonomy, critical vision and the capacity for self-learning 
stand out among these competences. In an educational context where daily contact 
in the classroom has been lost, these skills, together with work habits, self-regulation 
capacity, and self-discipline when tackling tasks, come to play a fundamental role. 

In this context, it is really interesting to address an education that fosters spatial 
digital citizenship. Addressing the concept of citizenship implies establishing educa-
tional practices that develop critical and democratic thinking and promote the 
ability to interpret and evaluate information in each place (De Miguel 2021b). The 
didactic use of collaborative cartographies through web-GIS platforms, such as those 
presented in this article, involves training autonomous, efficient, responsible, crit-
ical and reflective citizens when selecting, processing and using information and its 
sources, as well as the different technological tools. It also entails having a critical 
and reflective attitude in the evaluation of the information available, contrasting when 
necessary. Finally, it promotes the participation of young people in the democratic 
system and integrates them as actors of change to improve their environment (living 
space) or to make their city’s street map more equitable and egalitarian. 

The following are two case studies that, as we have been able to verify during 
their practice and through the results of the pretest and posttest survey, promote the 
acquisition of citizenship skills by the students, developing didactic strategies that 
allow them to be active citizens capable of fully participating in their communities and 
making intelligent decisions online and in life. In such a way that it can be affirmed 
that students can better and more reliably understand the political, economic, social 
and cultural complexity of the world in which they live, and thus be actors of the 
change postulated by 2030 Agenda. 

Collaborative Mapping of Your Living Space During 
a Pandemic (Confinement Period and Immediately After) “My 
World in 15 Minutes” 

This initiative of the University of Zaragoza and the GEOT Chair of Territory, Society 
and Geographic Visualization aims to be a collective reflection experience that allows 
us to tell the story of our city during pandemic period. This didactic experience is



Geographic Education and Spatial Citizenship: Collaborative Mapping … 183

part of other international works that debate about the necessary transformations of 
the urban world, focusing on the relationship between space and useful time, the 
urbanism chrono. Our hypothesis is: How did my living space change during the first 
months of COVID-19? What measures did we adopt as citizens to be related to our 
space in a safe way? Do these new habits, taxes and other elements offer a serene city, 
with more proximity, less stress or less hours of transportation? In the same time, 
does it satisfy its essential urban social functions? It is about advancing as citizens 
to propose among all of us a deep transformation of the urban space (still highly 
monofunctional), toward a polycentric, sustainable city—city that allows increasing 
quality, easier access to the essential urban social functions such as inhabiting, work, 
stock up, take care of yourself, learn and rest. 

This educational experience also tried to portray emotions. Emotions present the 
lived space, but also the perceived space (Lefebvre 1974), and they are a transversal 
object for geography. Society emotionally interacts very differently with places, 
while territorial practices respond to personal and collective memory. Specifically, 
emotional mapping allows to understand how one perceives the space where the 
person is, how does one feel it, and how does one become familiar with it. 

Objectives of this initiative were: (i) to experiment with collaborative mapping 
methodology; (ii) to map how we perceive the different spaces and routes that connect 
them, how we feel them, how we live them, and how they affect our behaviors and 
daily movements; (iii) to debate on how our “living space” has changed after the 
COVID-19 pandemic; (iv) to propose improvements in our day-to-day places to 
reduce our trips while still enjoying our city. 

The urban space where we live our daily lives has been modified in the last years 
because of the COVID-19 pandemic. This modification takes the form of a reduction 
in the number of places we go to, in the reduction of the activities that are carried 
out and in the more intense use of the space near our centers of reference (residence, 
work, place of studies). Our life unfolded for several months in a small city, which 
we reached in 15 min. This, in the case of Zaragoza—about 700,000 inhabitants—is 
good news, because it is a very compact city. People have discovered new places to 
walk, places that are pleasant to them, that are close to their home and that previously 
went unnoticed. 

The tool used in this proposal is Collaborative Maps of the municipal website 
of the Zaragoza City Council. Maps are tools to understand the complexity of a 
territory; they are like photographs that portray geographic or, in this case, sociode-
mographic realities. Collaborative maps through digital platforms allow us to create 
these cartographies through collective action. Therefore, they are no longer static 
photographs of the city taken by a single author, but they are platforms opened for 
collective participation, being a result of citizens and their interrelation with the 
environment. 

Within the Collaborative Maps section, there was a proposal of the development 
of three maps (Fig. 3):

(i) Living space: This map proposes geolocation of different spaces that we visit in 
our daily life: housing, working, shopping, walking, leisure, sports, facilities.
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Fig. 3 Maps resulting from the collaborative mapping “My world in 15 minutes”: a Cartography of 
the living space. b I change house. c What do I want near? Source Own and collaborative elaboration
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(ii) I change my house: This map aims to reflect where would you live if you could 
choose a place anywhere in the city? 

(iii) What do I want nearby? This last map invites to debate about your nearest space, 
geolocating the proposed location of the equipment that any person would need 
to improve their living space. 

This proposal was initially implemented by students of a course in geographical 
education, teacher training in Primary School Undergraduate program, Faculty of 
Education. More than 150 people have participated in this initiative (including school 
children), so they mapped their story and how they felt during the pandemic period 
of uncertainty. They also rethought the needs that they have as citizens and how to 
cover these needs. In short, they present in the map their story about what decisions 
they made to maintain proximity within the distance. 

It seems clear that the society has to progress toward more habitable and sustain-
able cities, which offers more complete and nicer living spaces. Making citizens 
reflect on this, how they have reinterpreted and rediscovered their immediate envi-
ronment, allows them to achieve a more sustainable city and, in turn, empowers them 
as citizens to ask for facilities and infrastructure that help achieve a more sustainable 
city for all. 

Collaborative Mapping of Women’s Streets in Huesca 

A joint initiative of the University of Zaragoza, together with the Geochicas OSM 
(GeoGirls Open Street Map) group (Sebastián et al. 2021), has been launched named 
collaborative mapping of the streets with the name of a woman in Huesca. The 
experience was carried out in the Ramón y Cajal High School in Huesca during 
February and March of 2022. The participating groups belonged to the 3rd course 
of lower secondary education (14-year-old) that allowed us to broaden the spectrum 
of informants and the conclusions. 

One of the groups was made up of students with learning difficulties or situations 
of difficult adaptation. We will call it A and it was made up of a total of 22 students, of 
whom three were repeaters, one student lived in a center for under 18 run by social 
service, but he stopped attending the center at the end of the course. One student 
suffered a process of bullying in the primary school, one student who had recently 
joined the Spanish educational system and had serious language difficulties. Also 
a recently arrived Spanish-speaking student to the spanish education system, one 
repeating student who had to attend to the class online due to medical prescription 
that forbids her to attend face-to-face classes and two students with recurring absences 
whose families were informed about it. In the same group, some negative situations 
about the experience were detected once it had started, and three students decided 
to not participate actively in the activity because of ideological reasons. The other 
group, which we will call B, has different characteristics, although their number was 
similar, 21 students. Composition of this class was more homogeneous.
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There were 14 classes during which the experience was developed and distributed 
in subject of Social Sciences and Education for Citizenship which was taught by the 
teacher Lorenzo Mur. The summary of the methodological design is synthesized in 
following points: 

(i) Introductory sessions to raise awareness of the problem in the classroom 
through an open debate where were presented questions of collective response 
and close approach. Some examples of these questions: What streets do you 
know in Huesca? Which ones do you think that are the most important? What 
places do you avoid to walk through and why? What professions do you think 
the mentioned names used to perform? Are you missing something?… While 
the debate was taking place, the most important conclusions were written down 
on the blackboard and a dialogue was established. 

(ii) A second phase proposes the extension of the conclusions to other Spanish, 
European and American cities and presents the Geochicas project through 
its viewer. In this way, the students are brought closer to the reality of the 
nomenclature of our cities to see its masculinization and importance of different 
professions or activities: politicians, military, saints and virgins… 

(iii) Collaborative mapping of the street map of Huesca—during this phase the 
students are divided in six groups, every one corresponding to one part of the 
administrative division of the Huesca map. For its correct development, each 
group of students (students’ voluntary composition) is assign to a part of the city 
where they have to extract the names of the streets and classify them generically 
into three groups: masculine, feminine and non-gender names. Together (using 
a shared file) they create an Excel sheet with the extracted data. 

(iv) Edition and search for information on Wikipedia about the women’s presence 
in the Huesca street scene, noting the most relevant characteristics. In those 
cases, that had no entry in Wikipedia a biography would be proposed to fill this 
gap. 

Once phases (c) and (d) were carried out, the results were analyzed and 
they verified an evident reality: the majority of Huesca’s streets is based on 
male historical figures dedicated to politics or the military profession. The few 
examples of women refer mainly to virgins or nuns. 

(v) Exhibition of the results of the previous processes and space for a reflection 
and awareness within a concept of an inclusive and sustainable urbanism where 
everyone feels represented. From students’ initiatives, a consensus document 
emerged between both class groups, A and B, which reflected their concerns. 

(vi) Public exposure of the research process for its dissemination in the city and 
the claim for actions in search of a more equitable and sustainable street map. 
Finally, the educational experience had an important dissemination and impact 
in some interviews in local press, radios and TV channels. Geography students 
were able to express their citizen values in front of a wider audience, but also 
in front of the Huesca City Council. 

Despite the work done in the search for information, the most important debate 
and conclusions were drawn once the map of Huesca could be viewed on the Calles
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Fig. 4 Street map of Huesca on the viewer of the streets of women. Source Own and collaborative 
elaboration 

de las Mujeres viewer (https://geochicasosm.github.io/lascallesdelasmujeres/). The 
map of the Streets of women of Huesca (Fig. 4) shows evidences: the majority of 
the Huesca street map is based on male historical figures dedicated to politics or the 
military profession. The few examples of women refer mainly to virgins or religious 
life and represent 16% of streets named after relevant historical figures for the city. 

This experience has shown that students understand and detect much better the 
terms of gender through cartography and spatial categories, in particular the street 
map of their city. In fact, through analysis and reflection of the map, similar conclu-
sions were drawn in both groups: (i) awareness of the existence of a gender difference 
in the naming of the streets; (ii) historical origin of this disparity intensified in recent 
times and continues with the same discrimination (the last three new streets returned 
to follow the criteria of the nineteenth century); (iii) the need to redirect this situation, 
although there were opinions varying between the urgency of reversing the situation 
and resignation to this reality, which is waiting for a reflection of the authorities that 
would stop the perpetuation of this discrimination; (iv) need to propose solutions. 

Results and Discussion 

Results of the methodological validation, in general, are positive, especially with 
regard to knowledge about the use of technological tools and resources. This includes 
the general understanding of how to apply them in a productive way at work and 
daily life, as well as the ability to recognize changes in the local built environment, 
so technological information facilitates the achievement of the objective of spatial 
citizenship learning. As shown in Table 3, the results of the pretest and posttest

https://geochicasosm.github.io/lascallesdelasmujeres/
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Table 3 Comparative summary of the pretest and posttest questions 

Average Median Interquartile range Variance 

Pretest knowledge 2,552 2,000 1,000 0.841 

Posttest knowledge 2,768 3,000 1,000 0.878 

Source Own elaboration based on the answers obtained in the teacher validation questionnaire 

show the students have a general positive perception, and also a slight improvement, 
after the instructional implementation, but presenting a relatively important variance 
(0.841 in the pretest and 0.878 in the posttest). 

This occurs especially when these teaching and learning processes are presented 
in particular contexts with proposals applied to specific pedagogical, technological 
and content problems simultaneously integrated, as it is the case of the proposals 
presented here. Also, a clear and positive trend has been observed in the development 
of the types of knowledge linked to ICT and digital skills, which greatly improve 
with the implementation of collaborative mapping, once specified and applied to the 
particular problem of teaching geography. 

However, along with these positive aspects, this study observes some difficulties 
and limitations related to the integration of digital skills in the teaching-learning 
processes. In the first place, and especially, there are divergences observed between 
teachers’ self-perception of digital skills and the limitations in their open answers, 
since an important part of the sample confuses digital skills with ICT tools and 
provides generic answers and not specific answers for the teaching of geography. 

All these elements show that the implementation of specific proposals based on the 
collaborative mapping model to develop digital citizenship opens an innovative and 
beneficial field of analysis; however, there still are many challenges. In addition, the 
evidence shows the need of a knowledge integration process to develop completely 
the sentiment and attitude of digital citizenship, considering the different types of 
knowledge (geographical, digital and citizen) but, above all, their integrations in a 
particular context that converts the students to actors of change. Although research 
must continue to explore the limitations and problems of the implementation of 
certain types of knowledge, the integrative proposal continues to be the way forward 
for teaching-learning processes in which ICT are every time more and more key 
resource both for teachers and for students. 

Conclusions 

Geography is an ancient scientific discipline, with an established body of knowledge, 
but it faces the challenges of a changing world, a technological revolution and the 
teaching of rapid political, economic, social and cultural transformations that impact 
space, countries and regions of the world, as we have seen with the COVID-19 
pandemic.
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Geographic education, and in particular geographic education for a digital citi-
zenship, is committed to innovation and practices that respond to the challenges of 
the twenty-first century, including the fulfillment of the 2030 Agenda. In this sense, 
teaching geography involves the design of didactic proposals that allow us to address 
cognitive domains related to knowing, applying and reasoning and to the acquisition 
of spatial thinking, geographic thinking and spatial citizenship, in order to develop 
analytical, critical and lateral thinking. 

Collaborative mapping offers teachers and students a very interesting context to 
address all these competencies, as it allows the entire cognitive process for the anal-
ysis, visualization and interpretation of realities, while emphasizing students as active 
agents in both information gathering and subsequent decisions, empowering them 
to be agents of change on a local scale (mostly), but with global repercussions. This 
chapter shows that teaching geography must be re-visioned, taking advantage of the 
opportunities given by the spread of geotechnologies and the increasing methods for 
teaching collaboratively and online during pandemic, and promoting spatial citizen-
ship education through collaborative mapping in which secondary school students 
are able to represent local contexts—as Zaragoza and Huesca—from the perspective 
of global challenges, like sustainable cities and communities or gender balance. 
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Abstract Almost all sectors of our life have been influenced by COVID-19 
pandemic. Informed decision-making regarding pandemic is essential and can be 
based on credible spatial data. Available COVID-19 spatial data reflect adminis-
tration areas and in most of the cases used for comparison between countries and 
regions. These comparisons are tricky and ask for careful consideration of a number 
of country aspects, especially when the variable in question is dynamic and changes 
happen very often. Comparison between countries should consider relative numbers 
(e.g., incidents per capita) and should include information regarding spending for 
health services. Also, medical provision and climate-related aspects of each country 
are also important when comparing between countries. Finally, age structure of popu-
lation is also crucial and needs to be examined. This work illustrates the difficul-
ties when comparing country-data related to COVID-19 pandemic and presents the 
CRISTINA project. We argue that country-level COVID-19 data ask for standard-
ization in terms of population and geography as well as that correlation of data with 
country-related characteristics does necessarily not imply direct causation. Finally, 
this work presents a number of relevant logical fallacies that should be considered 
when analyzing spatial data of COVID-19 pandemic. 
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Introduction 

COVID-19 pandemic has influenced almost all sectors of social life. Informed 
decision-making regarding pandemic is essential and can be based on credible data 
which are geo-referenced in most cases. COVID-19 data reflect administration areas 
and in most of the cases are used for comparison between countries. These compar-
isons are tricky and ask for careful consideration of a number of country aspects, 
especially when the variable in question is dynamic and changes happen very often. 

Comparison between countries should consider relative numbers (e.g., incidents 
per capita) and should include information regarding spending for health services. 
Also, medical provision and climate-related aspects of each country are also impor-
tant when comparing between countries. Finally, age structure of population is also 
crucial and needs to be examined. 

This work illustrates the difficulties when comparing country-data related to 
COVID-19 pandemic. We argue that country-level COVID-19 data ask for stan-
dardization in terms of population and geography as well as that correlation of data 
with country-related characteristics does necessarily not imply direct causation. 

Globally, from early 2020, with some billions of people under house restrains, in 
almost all countries and territories of the world, there have been millions of confirmed 
cases of COVID-19, including thousands of deaths, reported to the World Health 
Organization (WHO). The COVID-19 virus, which was described as an “enemy of 
humanity” by the World Health Organization, has infected about 2.3 millions of 
people. The number does not reflect reality in the absence of extensive diagnostic 
tests. The effects of the pandemic are incalculable, and thousands of billions of euros 
or dollars will be allocated by the governments of the world to deal with the deep 
economic recession that is coming. 

The UN is calling the pandemic the worst crisis humanity has faced since 1945. 
It combines a deadly disease and an economic recession unprecedented in the recent 
past. While in China the province of Hubei and its capital, the city of Wuhan, are 
coming out of quarantine, Italy, the country with the most deaths, has crossed the 
barrier of 15,000 deaths. And people are starting to wonder about the next day, after 
the easing of restrictive measures. Is there a risk of a possible future wave of this 
epidemic? Were governments slow to react? How close to reality is the death toll 
announced by China (just over 3,000)? What will be the dimensions of the economic 
crisis? 

Global tourism industry has been significantly impacted by various types of crises, 
particularly the pandemic and terrorist crises. These crises have caused travelers to 
be wary of visiting new places due to the threat of quarantine, fear of using airports, 
airplanes, restaurants, museums and archaeological sites, anxiety of not knowing 
what to do in the event of illness in a foreign country, need for cross-border medical 
insurance, and difficulty of changing tickets and reservations at both hotels and 
airlines. Media plays an important role in shaping public perception of such situations 
and can have a large effect on the global tourism market. For example, fear is often 
cultivated and escalated by news outlets regarding the severity of diseases, health
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effects and death rates, which has resulted in many people canceling their trips and 
avoiding travel for long periods of time even after the pandemic has passed. Examples 
of this include the SARS coronavirus (Holmes 2003), avian influenza A (H5N1) virus 
(Taubenberger and Morens 2006) and pandemic influenza A virus (H1N1) (Zimmer 
and Burke 2009, p. 1) all of which caused widespread concern and alerted public 
health services to the risk of rapidly spreading respiratory viruses with pandemic 
potential. 

Digital Epidemiology and Big Data 

The increase in the number of electronic mass media, the massive use of the Internet 
and electronic social media by most of the world’s population, as well as the 
widespread use of smartphones in recent years have led to the creation of new data 
sources. Also, new algorithmic techniques have enabled the creation of new tools 
for data processing such as artificial intelligence (AI) (Hamet and Tremblay 2017), 
machine learning (ML) (Rajkomar et al. 2019) and natural language processing 
(NLP) (Locke et al. 2021). All of the above contributed to the emergence of a new 
branch of epidemiology called digital epidemiology. Digital epidemiology embraces 
the goals of clinical epidemiology but takes a different approach to their implemen-
tation. Instead of relying only on data from the health sector, it makes use of these 
new data sources. These new sources of data, such as electronic social media, are 
also called sources of “big” data (Big Data) and are characterized by very large 
volumes of data which have a complex structure and show great heterogeneity. The 
big challenge facing digital epidemiology is finding the right tools to process and 
analyze these data, avoid wrong conclusions and misrepresent the right information 
as a wrong result can have unintended consequences (Salathe et al. 2012; Salathé 
2018; Park et al.  2018). 

Nowadays, the term “big data” has a double meaning that sometimes refers to the 
data itself and the sources from which they come, while on the other hand sometimes 
it refers to the processing methods of these data. We use the term “big data” referring 
to the actual data itself that is produced by the daily life of people who use the internet, 
the devices or the sensors for various reasons and activities. These reasons include 
buying/selling, transferring, using electronic services, as well as social media and 
location-based services. Today, there are eight characteristic words used to describe 
big data known as “The 8 V’s.” The V’s can be divided into two groups of which the 
first contains three which are the general characteristics of the nature of “big” data, 
while the second contains the characteristics that “big” data acquire once entering 
an information system. More specific, the basic features are: 

Volume: Refers to the very large volume of Big Data referring to the difficulty of 
collecting and processing large amounts of data. Velocity: It refers to the speed with 
which the Big Data are produced from various electronic sources. Variety: Refers to 
the different types of Big Data (such as image, sound, and electronic receipts) and 
their different structure.
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The characteristics they acquire after entering a digital information system include 
the following topics. Value: It refers to the value that the exploitation of Big Data 
can offer in various sectors. Veracity (Validity): Refers to the validity of the results 
that are produced by the utilization of “big” data and the reliability of these data. 
Variability: Refers to the different forms they can be transformed into, the different 
models they can be processed with, and the different associations they can be made 
after entering a system. Virality: Refers to how quickly they can spread through a 
network to different users. Viscosity: Refers to how much resistance-delay can be 
observed in the flow-transmission of a certain volume of big data. 

“Big” data can also be characterized by the ever-increasing speed of its collection 
and use in most scientific research today. It is very important to emphasize that the 
profit of exploiting the “big” data depends entirely on the time interval between its 
creation and the moment when its use will have given the desired results. The shorter 
this interval, the more the value of the information derived from it increases. This 
is true for almost all uses of “big” data and even more so for the field of digital 
epidemiology, since the time from the outbreak of an epidemic to the moment when 
the first measures are taken to deal with it is crucial in limiting it. To effectively reduce 
this time period, the systems that undertake the collection and correlation of these 
data must be properly designed to achieve the highest possible speeds. Although the 
health field has long distanced itself from the use of “big” data, the new possibilities 
that arise with its proper exploitation are enormous. In digital epidemiology, not all 
sources of “big” data are equally useful, so in the following we will describe the most 
important of them in terms of their usefulness in monitoring and predicting disease 
outbreaks, and in terms of the difficulties involved in utilization of data from them 
(Ali 2019; Bansal et al. 2016; Park et al.  2018; Saecker and Markl 2012). 

COVID-19 Data and Countries Comparison 

Since the COVID-19 pandemic start, there are numerous sources of official data 
sharing across the web. There are a number of official sources with statistics, research 
data and other information about coronavirus (SARS-CoV-2), the disease it causes 
(COVID-19), the global pandemic and its economic. There are some well-established 
sources of official COVID-19-related data. One of the most notable source of these 
data is the World Health Organization, which has posted a special website with 
the purpose of providing the necessary information on everything related to SARS-
CoV-2 (WHO 2022). It also includes international epidemiological statistics, precau-
tionary advice, good practices, debunking relevant widespread fake news, etc. Addi-
tionally, the European Center for Disease Prevention and Control (ECDC) has also set 
up its own special website for information on the novel coronavirus. It also provides 
international statistics of confirmed cases and deaths (ECDPC 2022). Finally, the 
last official source of COVID-19 information source regarding Greece, is the Greek 
National Public Health Organization (EODY) has the official information on the
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evolution of the pandemic in Greece, useful information, instructions for citizens 
and businesses of health interest (EODY 2022). 

Apart from the above sources of official data, there are a number of related sources 
about International Epidemiological Statistics. The American Johns Hopkins Univer-
sity has created and daily updates an open data repository with international analytics 
on the SARS-CoV-2 pandemic. This repository, which is the primary source of statis-
tics for all pandemic-related analyses conducted worldwide, is freely accessible for 
access (CSSEGIS and Data 2022). In addition, Johns Hopkins University has an 
interactive map of the pandemic, with data from the same database (Johns Hopkins 
University 2022). Finally, another source of very informative data related to COVID-
19 pandemic is the website “Our World in Data” (Mathieu et al. 2020) which includes 
a plethora of statistics and informative charts. 

There is a need for countries comparison, especially when we need to identify over-
spread or under-spread of COVID-19 cases. In a very globalized economy, and with 
full traveling potentials, we need to understand the various country-related COVID-
19 statistics. The research project “CoRona vIrus SpaTIal aNAlysis” (CRISTINA) 
(Kavroudakis 2022) examines the time-series progress of COVID-19 events in 177 
countries of the world. We collect daily data for events as well as government 
interventions and associate them with geographical time-series datasets in order 
to evaluate the rate of change. We also estimate future events based on assump-
tions of previous events in a time window of 5 days. Future projections are based 
on assumptions and should only be used for educational reasons. The webpage of 
this project is the following: www.dimitrisk.gr/covid19.html. The interventions are 
grouped by type such as isolation measures, transportation measures and economic 
activity measures. 

Data sources for this project include daily COVID-19 data for 177 countries 
(confirmed cases, deaths, recovered). Also, government measures for 177 countries 
(lockdown, business measures, transportation measures, education lockdown, etc.). 
Population data (age groups, sex, population density), health-related data (hospitals, 
facilities, intensive care units, doctors, health funds) and finally economic data (GDP, 
economic sectors, etc.). The main research questions of Christina Project are the 
following:

• What are the effects of stay-home lockdowns on flattening the curve of confirmed 
COVID-19 cases by country for 177 countries?

• How did similar lockdown measures affect the curve of confirmed COVID-19 
cases by country for 177 countries?

• What is the relationship between: % of GDP for health and % of confirmed 
population above 65 years old by country for 177 countries?

• What is the contribution of various measures by country: home lockdown, business 
closure, transportation restrictions 1 and 2?

• What is the contribution of average temperature on COVID-19 cases per week, 
month? 

The results of this project can be found on the website. Some of the most notable 
results include the following points. The following results are very suitable on the

http://www.dimitrisk.gr/covid19.html
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basic understanding on comparison between countries and the avoidance of possible 
logical fallacies. The following Fig. 1 depicts the relationship between: the ration of 
deaths over confirmed cases by time. We use Day since first event by country as the 
main time unit. It is clearly visible that Italy, UK and Spain lines are rising after 58th 
day, much more than any other country. Germany, on the other hand, shows very low 
ratios on the same period. On this basis, Fig. 2 depicts confirmed cases of COVID-
19, since the day of 1st event. Germany’s numbers are among the top countries for 
this variable. It is now more than obvious that we can use various COVID-19 data 
sources to focus on different top countries. Germany’s numbers are very small in the 
first figure while they are very high at the second figure. Variable selection can be 
a form of “cherry-picking” approach while COVID-19 data analysis, for countries 
comparison. Selection of specific variables which fit our assumptions can be quite 
confusing if not deceiving. To avoid such misconceptions, we argue on favor of 
multiple variable evaluation on country comparisons. This is the use of all available 
variables and then use some sort of voting system before ranking country’s progress. 

Fig. 1 Deaths over confirmed cases of COVID-19, since the day of 1st event. Germany is almost 
in the bottom of all other countries
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Fig. 2 Confirmed cases of COVID-19, since the day of 1st event. Germany is the 3rd country 

Excessive Deaths by Age Group 

Another very interesting topic from the CHRISTINA project is the analysis of exces-
sive deaths by age group. This is the evaluation of death counts against previous 
non-COVID-19 years for each country. This approach can offer a more reliable way 
of comparison between countries especially when we consider temporal variations. 
Following Fig. 3 depicts excessive deaths be age group comparison between Greece 
(left) and Italy (right). Green and blue periods (bars in x axes) represent the two 
lockdown events in 2020. Black line indicates average deaths by week for the years 
2005–2019. Red line is showing deaths by week for 2020. Finally, green and blue 
periods (x axes): the two lockdown events in 2020. It is more than clear that Italy 
(right column) has shown some excessive deaths across all age groups. The base-
line for the excessive deaths calculations is the deaths of the last 10 years, for each 
age group. This measure is a comparative measure against the actual numbers of 
each country for the previous years. It is a consistent measure that is not influenced 
by temporal variations and is using a baseline of numbers before the COVID-19 
pandemic.
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Fig. 3 Excessive deaths be age group comparison between Greece (left) and  Italy (right). Green 
and blue periods (bars in x axes): the two lockdown events in 2020. Gray lines: deaths by week for 
the years 2005–2019. Black line: average deaths by week for the years 2005–2019. Red line: deaths 
by week for 2020 

Logical Fallacies 

Some of the most important logical fallacies when comparing COVID-19 data 
between countries are presented here in this part of the chapter. One of the most 
significant is Cherry Picking. It refers to selecting results that fit your claim and 
excluding those that don’t. It is also related to selecting specific variables to present 
according to the argument we need to support. Data Dredging is another very inter-
esting fallacy which refers to the act of repeatedly testing new hypotheses against 
the same set of data, failing to acknowledge that most correlations will be the result 
of chance. When comparing data between countries, a very common logical fallacy 
is False Causality (spurious correlation) which is falsely assuming when two events 
appear related that one must have caused the other. Also, when referring to COVID-
19 sample data, Sampling Bias should also consider as one of the most essential 
logical fallacies. It is referring on drawing conclusions from a set of data that isn’t 
representative of the population you’re trying to understand. 

Another significant misconception regarding probabilities of events is the 
Gambler’s Fallacy, which is mistakenly believing that because something has 
happened more frequently than usual, it’s now less likely to happen in future (and vice
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versa). This is quite relevant to COVID-19 comparisons when we falsely believe that 
because some rises and falls of the numbers (positive cases) are less likely to happen 
in the future. Also, Simpson’s Paradox is very relevant in countries and regions 
comparisons. More specific when comparing intra-countries events, we may some-
times misunderstand the big picture for the total country. This paradox is referring 
to the case when a trend appears in different subsets of data but disappear or reverse 
when the groups combined. Finally, equally important is the Publication Bias which 
is also prominent in COVID-19-related studies. More specific, this is referring to the 
fact that interesting research findings are more likely to be published, distorting our 
impression of reality. 

Cherry-Picking in Geography 

Cherry-picking logical fallacy regarding COVID-19 geographic data can be a prob-
lematic practice as it can result in biased (or even incomplete) data that misrepresent 
the true state of the pandemic in a geographical area. Suppose a researcher wants 
to cherry-pick COVID-19 data for a specific city in the United States, such as, Los 
Angeles. The researcher can find a reliable source of COVID-19 data, such as the 
website of the Centers for Disease Control and Prevention1 or the World Health 
Organization.2 Once the researcher has located the data source, he can navigate to 
the page that provides data on COVID-19 cases in the United States and look for the 
data for the state of California. Next, he can locate the data for Los Angeles County, 
which is the largest county in California and includes the city of Los Angeles. The 
researcher can find data on the number of confirmed COVID-19 cases, deaths and 
other relevant metrics for Los Angeles County. However, cherry-picking this data 
for Los Angeles alone could give a misleading picture of the state of the pandemic 
in the city, as it does not take into account the wider context of the county, state, or 
even country. It is important to analyze the geographical data for the city in relation 
to the data for the broader geographic region and to consider factors such as popula-
tion density, demographics and/or other social and economic factors that may affect 
the spread of the COVID-19 virus. It is therefore important to take into account the 
broader context of the pandemic to avoid misleading conclusions. 

Data Dredging in Geography 

Data dredging is the practice of selectively analyzing spatial data to find spatial 
patterns that appear significant, but are actually due to chance. This can lead to false 
conclusions and incorrect interpretations of the data. Suppose a researcher wants to

1 https://www.cdc.gov. 
2 https://www.who.int. 

https://www.cdc.gov
https://www.who.int
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determine if there is a correlation between temperature and the number of COVID-
19 cases in Brazil. He starts by collecting data on the average temperature and the 
number of COVID-19 cases for each state in Brazil. The researcher then analyzes 
the data and finds that there appears to be a negative correlation between temperature 
and the number of COVID-19 cases, meaning that as the temperature increases, the 
number of cases decreases. However, this conclusion is based on a selective analysis 
of the spatial data and ignores many other factors that could be driving the spread of 
the virus, such as population density in Brazil, demographics, public health measures 
and other social and economic factors. It is also possible that the apparent correlation 
is simply due to chance, as correlations can appear by random chance in any dataset. 
In general, in order to avoid data dredging and draw valid conclusions, it is important 
to use a rigorous and systematic approach to spatial data analysis and to take into 
account all relevant factors that may affect the spread of the virus in a country. This 
can involve using multiple regression analysis to control for confounding variables 
and conducting sensitivity analyses to test the robustness of the results to different 
assumptions and model specifications. 

False Causality in Geography 

False causality, in geospatial sciences, is a type of error that occurs when a correla-
tion between two spatial variables is assumed to indicate a causal relationship, even 
though there may be other spatial factors that are responsible for the observed rela-
tionship. Suppose we want to investigate the effect of air pollution on the number of 
COVID-19 cases in Athens, Greece. We collect data on air pollution levels and the 
number of COVID-19 cases for the city over a period of several months and analyze 
the data to find a positive correlation between air pollution levels and the number of 
cases. We may conclude that air pollution is causing an increase in COVID-19 cases 
in Athens, and suggest that reducing air pollution levels could help to mitigate the 
spread of the virus. 

However, this conclusion is false, as there may be other factors that are responsible 
for the observed correlation, such as population density, demographics and/or public 
health measures. In order to avoid the pitfalls of false causality, it is important to 
use a rigorous and systematic approach to data analysis and to consider all relevant 
factors that may affect the relationship between variables. While it is important to 
investigate the relationship between COVID-19 and environmental factors such as 
air pollution, it is important to use caution when drawing causal inferences from 
observational data and to consider all relevant factors that may be responsible for the 
observed relationship.
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Sampling Bias in Geography 

Sampling bias is a type of error that occurs when samples are not representative 
of the population being studied. Sampling bias could affect the spatial analysis of 
COVID-19 data. For example, if we want to investigate the relationship between 
COVID-19 cases and income levels in a city, we first collect data on the number of 
COVID-19 cases and the median income for each neighborhood in the city. Then, we 
analyze the data to find that there is a negative correlation between “income levels” 
and COVID-19 cases. However, this conclusion may be biased, as the sample of 
neighborhoods we selected may not be quite representative of the entire city. It is 
possible that we may have selected only neighborhoods with higher income levels 
that have lower population densities and better access to healthcare facilities, which 
in turn may be responsible for the observed negative correlation. To avoid sampling 
bias, it is important to use a representative sample of data that accurately reflect the 
population being studied. This can be achieved using random sampling techniques 
or stratified sampling methods to ensure that all segments of the population in the 
city are represented in the sample. 

Gambler’s Fallacy in Geography 

The gambler’s fallacy is a type of cognitive bias that occurs when individuals assume 
previous random events will affect the outcome of future events, even though two 
events are statistically independent. For example, when analyzing the number of 
COVID-19 cases in a municipality over time, we may notice that there have been 
several consecutive days of increasing cases, and assume that this trend will continue 
into the future. However, this assumption is a form of the gambler’s fallacy, as each 
day’s COVID-19 case count is independent of the previous day’s count and there is no 
statistical basis for assuming that the trend will continue. It is therefore important to 
use statistical methods to analyze data and account for the effects of randomness and 
variability. This can involve using time-series-analysis techniques to model trends 
and possible seasonal patterns in spatial data as well as conducting hypothesis tests 
to determine the statistical significance of observed patterns. 

Simpson’s Paradox 

Simpson’s paradox is a type of statistical paradox occurring when a trend appears in 
different groups of data, but disappears (or reverses) when groups are combined. For 
example, when investigating the relationship between COVID-19 cases and ethnicity 
in a city, initially we collect data on the number of cases and ethnic composition 
of each neighborhood. Then, we may find that in each neighborhood, the number
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of cases is higher among a specific ethnic group compared to residents of other 
ethnicities. However, when combining data across all neighborhoods, we may find 
that the opposite trend appears: the overall number of cases is higher among residents 
of other ethnicities compared to this specific ethnic group. This reversal of trend is 
a form of Simpson’s paradox, as the relationship between ethnicity and COVID-19 
cases changes when the data are aggregated at different spatial level. It is important to 
consider the underlying factors that may be driving the observed patterns in the data, 
and to use appropriate statistical methods to control for confounding variables. This 
can involve using regression analysis to model the relationship between ethnicity 
and COVID-19 cases while controlling for other variables such as age, income and 
access to health care. 

Publication Bias 

Publication bias is a type of bias occurring when the availability or publication of 
research results is influenced by their statistical significance. Suppose we conduct a 
systematic review of the relationship between COVID-19 cases and air pollution in 
Athens, Greece. We identify several studies that have investigated this relationship, 
but notice that most of the studies have reported significant positive associations 
between air pollution and COVID-19 cases, while only few studies have reported 
non-significant or negative associations. This pattern may be a form of publication 
bias, as studies with non-significant (or even negative) findings may be less likely 
to be published or included in the review, leading to an over-representation of only 
positive findings in the literature. To avoid publication bias, we should conduct a 
comprehensive search of the literature and include all relevant studies, regardless 
of their statistical significance. This may involve using search strategies that are not 
limited by language, geography or publication status, and using methods to assess the 
risk of bias in individual studies. It is important to use caution when interpreting the 
results of systematic reviews or meta-analyses, and to consider the potential impact 
of publication bias on the observed patterns in the spatial data. 

Conclusions 

Digital epidemiology is a cutting-edge field of epidemiology that is essential for 
improving people’s health and quality of life. It is still in its early stages and may take 
some years to become fully realized. Currently, systems that use large amounts of data 
for digital epidemiology are being developed and can only detect and track the spread 
of contagious diseases; they have very limited forecasting abilities. Additionally, 
these systems typically rely on receiving confirmed data from other sources, so they 
cannot provide any warnings before the data are verified.
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The continuous development of technology, the creation of faster computing 
systems as well as improvements in the field of artificial intelligence, within the 
next few years, for sure will offer new possibilities in the field of digital epidemi-
ology. Thus, it will become strong the creation of new systems that can process and 
confirm information autonomously and faster than other epidemiological agencies. 
Also, it is possible to create forecasting systems that will be able to predict the advent 
of a new epidemic, even from the first cases, while there will also be possibility of 
creating spatial models that will predict its spread. By using such systems, health 
agencies will now be able to limit and deal with outbreaks of new communicable 
diseases in their very early stages, before they get out of control. An example which 
points to the need to create advanced systems in the field of digital epidemiology is 
the coronavirus pandemic, which it could be dealt with much faster and with better 
methods if we had a spatial model for predicting of its spread. The development of the 
field of spatial epidemiology and, in general, of the field of processing and analysis 
of “big” spatial data can lead to many improvements in the health and quality of life 
of the world’s population. However, there are always some risks when collecting and 
processing data from electronic sources. 

Logical fallacies can be found in almost any scientific field, including geography. 
Geographic research often involves complex spatial data, analysis and interpretation, 
which can make it vulnerable to a variety of cognitive biases and logical errors. This 
work illustrated some of the most prominent logical fallacies in geospatial science 
and more specific when dealing with COVID-19-related spatial data. It is important 
for geographers to recognize the limitations and uncertainties of spatial analysis of 
data and to be open to revising their conclusions as new evidence emerges. 

References 

Ali AH (2019) A survey on vertical and horizontal scaling platforms for big data analytics. Int J 
Integr Eng 11(6):138–150. Retrieved from https://publisher.uthm.edu.my/ojs/index.php/ijie/art 
icle/view/2892 

Bansal S, Chowell G, Simonsen L, Vespignani A, Viboud C (2016) Big data for infectious disease 
surveillance and modeling. J Infect Dis 214:S375–S379. https://doi.org/10.1093/infdis/jiw400 

CSSEGIS and Data (2022) COVID-19 data repository by the Center for Systems Science and 
Engineering (CSSE) at Johns Hopkins University. 

ECDPC (2022) European Centre for Disease Prevention and Control COVID-19 [WWW Docu-
ment]. European Centre for Disease Prevention and Control. https://www.ecdc.europa.eu/en/ 
covid-19. Accessed 29 Nov 2022 

EODY (2022) Greek National Public Health Organization Covid-19 [WWW Document]. https:// 
eody.gov.gr/neos-koronaios-covid-19/. Accessed 29 Nov 2022 

Hamet P, Tremblay J (2017) Artificial intelligence in medicine. Metabolism 69:S36–S40. https:// 
doi.org/10.1016/j.metabol.2017.01.011 

Holmes KV (2003) SARS coronavirus: a new challenge for prevention and therapy. J Clin Investig 
111(11):1605–1609. https://doi.org/10.1172/JCI18819 

Johns Hopkins University (2022) Web map of COVID-19 [WWW Document]. https://gisanddata. 
maps.arcgis.com/apps/dashboards/bda7594740fd40299423467b48e9ecf6. Accessed 29 Nov 
2022.

https://publisher.uthm.edu.my/ojs/index.php/ijie/article/view/2892
https://publisher.uthm.edu.my/ojs/index.php/ijie/article/view/2892
https://doi.org/10.1093/infdis/jiw400
https://www.ecdc.europa.eu/en/covid-19
https://www.ecdc.europa.eu/en/covid-19
https://eody.gov.gr/neos-koronaios-covid-19/
https://eody.gov.gr/neos-koronaios-covid-19/
https://doi.org/10.1016/j.metabol.2017.01.011
https://doi.org/10.1016/j.metabol.2017.01.011
https://doi.org/10.1172/JCI18819
https://gisanddata.maps.arcgis.com/apps/dashboards/bda7594740fd40299423467b48e9ecf6
https://gisanddata.maps.arcgis.com/apps/dashboards/bda7594740fd40299423467b48e9ecf6


208 D. Kavroudakis et al.

Kavroudakis D (2022) CRISTINA project [WWW Document]. https://www.dimitrisk.gr/covid19. 
html. Accessed 29 Nov 2022 

Locke S, Bashall A, Al-Adely S, Moore J, Wilson A, Kitchen GB (2021) Natural language 
processing in medicine: a review. Trends Anaesthesia Critical Care 38:4–9. https://doi.org/10. 
1016/j.tacc.2021.02.007 

Mathieu E, Ritchie H, Rodés-Guirao L, Appel C, Giattino C, Hasell J, Macdonald B, Dattani S, 
Beltekian D, Ortiz-Ospina E, Roser M (2020) Coronavirus pandemic (COVID-19). Our world 
in data. Retrieve from: https://ourworldindata.org/coronavirus#citation 

Park H-A, Jung H, On J, Park SK, Kang H (2018) Digital epidemiology: use of digital data collected 
for non-epidemiological purposes in epidemiological studies. Healthc Inform Res 24(4):253– 
262. https://doi.org/10.4258/hir.2018.24.4.253 

Rajkomar A, Dean J, Kohane I (2019) Machine learning in medicine. New Engl J Med 
380(14):1347–1358. https://doi.org/10.1056/NEJMra1814259 

Saecker M, Markl V (2012) Big data analytics on modern hardware architectures: a technology 
survey. In: Aufaure MA, Zimányi E (eds) Business intelligence. eBISS 2012. Lecture Notes in 
Business Information Processing, 138. Springer, Berlin, Heidelberg, pp 125–149. https://doi. 
org/10.1007/978-3-642-36318-4_6 

Salathé M (2018) Digital epidemiology: what is it, and where is it going? Life Sci Soc policy 14:1–5. 
https://doi.org/10.1186/s40504-017-0065-7 

Salathe M, Bengtsson L, Bodnar TJ, Brewer DD, Brownstein JS, Buckee C, Campbell EM, Cattuto 
C, Khandelwal S, Mabry PL (2012) Digital epidemiology. PLoS Comput Biol 8(7):e1002616. 
https://doi.org/10.1371/journal.pcbi.1002616 

Taubenberger JK, Morens DM (2006) 1918 influenza: the mother of all pandemics. Emerg Infect 
Dis 12(1):15–22. https://doi.org/10.3201/eid1201.050979 

WHO (2022) Coronavirus disease (COVID-19)—World Health Organization [WWW Document]. 
https://www.who.int/emergencies/diseases/novel-coronavirus-2019. Accessed 29 Nov 2022 

Zimmer SM, Burke DS (2009) Historical perspective—emergence of influenza A (H1N1) viruses. 
New Engl J Med 361(3):279–285. https://doi.org/10.1056/NEJMra0904322

https://www.dimitrisk.gr/covid19.html
https://www.dimitrisk.gr/covid19.html
https://doi.org/10.1016/j.tacc.2021.02.007
https://doi.org/10.1016/j.tacc.2021.02.007
https://ourworldindata.org/coronavirus#citation
https://doi.org/10.4258/hir.2018.24.4.253
https://doi.org/10.1056/NEJMra1814259
https://doi.org/10.1007/978-3-642-36318-4_6
https://doi.org/10.1007/978-3-642-36318-4_6
https://doi.org/10.1186/s40504-017-0065-7
https://doi.org/10.1371/journal.pcbi.1002616
https://doi.org/10.3201/eid1201.050979
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.1056/NEJMra0904322


Development of a Synthetic Index 
of Social Vulnerability to COVID-19 
in the City of Zaragoza (Spain) 

Julia de las Obras-Loscertales Sampériz , María Zúñiga Antón , 
Marcos Rodrigues Mimbrero , and Carmen Bentué Martínez 

Abstract The impacts of COVID-19 are not uniformly distributed, but are closely 
related to the vulnerability of any given society. This study characterises social vulner-
ability to COVID-19 in the city of Zaragoza; in other words, the predisposition of 
certain groups to suffer greater impacts. A new vulnerability index (COVID-19 SVI) 
was created for this purpose, and its factors (population density, age, female popu-
lation, foreign population, overcrowding, education level and income level) were 
weighted by the analytic hierarchy process (AHP) technique through a survey of 
404 people from different professional profiles (health care, geography, social work 
and others). The most valued factors were population density, overcrowding and 
age, with no differences in criteria by professional profile. By mapping the results 
at different scales (district, basic health area, census section and block), spatial 
distribution patterns were identified and the suitability of the scales for analysis 
compared, revealing the census section as the best option. The use of COVID-19 
SVI in social and public health policies can provide essential support to manage-
ment and decision-making adapted to different situations in the short, medium and 
long term. 
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Introduction 

The World Health Organisation (WHO) declared COVID-19 a pandemic on 11 March 
2020. The spread of the new SARS-CoV-2 has been labelled the worst humanitarian 
crisis since World War II and the greatest health crisis since the twentieth century. 
Institutions such as the International Federation of Red Cross and Red Crescent 
Societies classified the pandemic as a natural disaster. As in any disaster, the effects of 
COVID-19 are not uniformly distributed, but have been closely related to the unequal 
level of vulnerability associated with welfare and development levels (Barrera et al. 
2021; Seddighi 2020; Vincent 2004). 

Since the outbreak of the pandemic, several studies have examined the relationship 
between vulnerability and COVID-19, with prominent ones focused on exposure. For 
instance, some works in the USA analyse the correlation at different scales between 
high vulnerability—measured through the Social Vulnerability Index (SVI)—and 
great likelihood of becoming an infection hotspot (Dasgupta et al. 2020; Karaye and 
Horney 2020); between high vulnerability and a high ratio of hospitalisation and 
mortality (Gaynor and Wilson 2020); or between higher vulnerability and a lower 
number of PCR tests, but a higher fraction of positive results (Borjas 2020). Similar 
studies conducted in Europe have established the relationship between variables such 
as age, wealth and ethnic origin and pandemic-induced mortality (Harris 2020). 

This work takes a new approach to the study of vulnerability, viewing certain 
groups as predisposed to suffer greater effects due to socioeconomic factors, which 
are known as the Social Determinants of Health (SDHs) (World Health Organization 
2003). This approach, linked to COVID-19, has not yet been fleshed out. However, 
some authors have already stressed the important role that SDHs and socioeconomic 
factors will play in intensifying the effects of the current pandemic. 

Socioeconomic and urban spatial inequalities suggest that the pandemic’s social 
impacts will differ according to intersectoral contrasts in variables such as over-
crowding, age and income. As such, characterising, estimating and mapping vulner-
ability can provide essential support for management and decision-making, while 
laying the ground for improving future social, economic, housing and health 
conditions. 

The main objective of this article is therefore to develop a new index of social 
vulnerability to COVID-19 (COVID-19 SVI) in the city of Zaragoza to characterise 
spatial distribution patterns, delving into the possible underlying causes and iden-
tifying the factors that experts from different fields consider the most significant in 
producing social vulnerability.
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Methodology 

This study was conducted in Zaragoza, the fifth-most populous city in Spain. Since 
its population of 681,877 is older than the national average, with an ageing ratio 
of 140.97% versus 125.75% (Instituto Nacional de Estadística), it has particular 
features that make it interesting to study, such as the coexistence of different urban 
and residential typologies. Zaragoza is characterised by an urban morphology that 
includes: (i) a historical centre with narrow and winding streets; (ii) working-class 
neighbourhoods with high population densities related to urban growth in the 1960s 
and 1970s; and (iii) suburbs with low population densities linked to the growing 
sprawl of recent years. This study will perform a multi-scale analysis at four different 
scales (Fig. 1): 

District: territorial divisions with their own administrative bodies. Zaragoza is 
divided into 15 districts. 

Basic health area (BHA): defined as the basic geographical and population 
framework of Primary Health Care, which may or may not coincide with other 
territorial demarcations (Fig. 1). There are 33 BHAs in Zaragoza and each has its 
own Health Council. 

Census section: defined as a statistical partition consisting of population of 
between 500 and 2,000 inhabitants (Ley Orgánica 5/1985). Zaragoza has 491 
sections, yet these demarcations vary over time (Villarín Clavería and Segura Calero 
2015).

Fig. 1 Case study: City of Zaragoza 
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Block: defined as “the distance along a street between two intersections” 
(Cambridge Dictionary). Zaragoza has 2,815 inhabited blocks. 

Since the outbreak of the pandemic, Zaragoza has had to deal with several waves 
of COVID-19 with different characteristics. As of 11 November 2022, the figures 
were 463,913 confirmed cases and 5,185 deaths (Gobierno de Aragón 2021). 

Vulnerability Variables and Factors 

Following a review of the literature, seven sociodemographic variables belonging to 
four dimensions were selected to construct the proposed vulnerability index (Table 1 
and Fig. 2):

Urban space configuration:The layout of urban space can significantly influence 
the transmission of the disease (Sigler et al. 2021) and plays an essential role in 
producing stress, which has consequences on health (Dorantes Rodríguez 2002). The 
selected variable—population density per built-up area—was calculated by adding 
the surface area (in km2) of the inhabited blocks for each scale of analysis and 
dividing the result by the total population in 2020. The aim of this operation was to 
overcome the limitations arising from the size of the demarcations (Escolano-Utrilla 
2002). 

Demography and population: The WHO considers the pandemic a geriatric 
emergency owing to the high death rates, the difficultly in diagnosing the disease 
(Pinazo-Hernandis 2020) and the clinical complexity (Boccardi et al. 2020), which 
makes it one of the major causes of death. Other related problems include the dete-
rioration of psychological and emotional health, solitude and dependence (Alguacil 
Gómez et al. 2013). The WHO also considers the female population vulnerable due 
to the role of women in society (World Health Organization 2021); they are over-
represented in health care, hospitality and cleaning services, face greater economic 
dependence and less stable employment and shoulder more of the burden in house-
hold tasks. Finally, the foreign population was chosen, as foreigners may have prob-
lems in accessing the public health services (Gobierno de España 2020), a worse 
initial health status (Bambra et al. 2020) or impediments such as lack of access to 
information due to language issues or unstable employment (Liem et al. 2020). 

Liveability: This is essential for complying with key policies such as isolation, 
quarantine and proper ventilation. Its relevant role in psychological development 
(Gobierno de España 2020) and in daily life (Alguacil Gómez et al. 2013) makes it 
fundamental in the study of vulnerability. 

Socioeconomic status: This is closely linked to unstable employment, unem-
ployment and social exclusion, which are all considered SDH (World Health Orga-
nization, 2021). Other related factors include access to information and technology 
(Cutter et al. 2003).
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Table 1 Summary of selected variables 

Dimension Factor Variable Interpretation Source 

Urban space 
configuration 

Population 
density 

Population 
density per 
built-up area 
(inhabitants/km2) 

Higher density, 
higher 
vulnerability 

Municipal 
Register 
February 2020 

Demography and 
population 

Age Percentage of 
population over 
60 

Higher 
percentage of 
population over 
60, higher 
vulnerability 

Municipal 
Register 
February 2020 

Female 
population 

Percentage of 
female population 

Percentage of 
female 
population, 
higher 
vulnerability 

Municipal 
Register 
February 2020 

Foreign 
population 

Percentage of 
foreign 
population 

Percentage of 
foreign 
population, 
higher 
vulnerability 

Municipal 
Register 
February 2020 

Liveability Overcrowding Percentage of 
people living with 
five or more 
people in less 
than 90 m2 

More people, 
higher 
vulnerability 
(higher 
overcrowding, 
higher 
vulnerability) 

Cadastre 
February 2020 

Socioeconomic 
status 

Education level Percentage of 
population that is 
illiterate or 
without primary 
education 

Lower education 
level, higher 
vulnerability 
(higher 
percentage, 
higher 
vulnerability) 

Municipal 
Register 
February 2020 

Income level Per capita income 
(e) 

Lower income 
level, higher 
vulnerability 

National Statistics 
Institute (INE, 
acronym in 
Spanish), June 
2017

Construction and Calculation of the Social Vulnerability Index 

Applying weights to indexed variables is both essential and complex, and as all 
techniques have advantages and disadvantages. To avoid the dependence of statistical 
techniques, such as the principal components (Spielman et al. 2020), weights were 
obtained through a participatory process in which experts belonging to different fields
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Fig. 2 Summary of selected variables. Diagram of how the selected variables interact with and 
influence social vulnerability. Created by the authors

(health care, social work and geography) and different sectors of the population took 
part in a survey. The survey was disseminated through different media and social 
networks both to specific research groups and to the general public. Although at first 
it was thought to be a random spatial sampling, in the end it was mainly focused on 
inhabitants and researchers of the city under study, Zaragoza. 

The survey and methodology used to obtain weights were based on the analytic 
hierarchy process (AHP) technique, used and contrasted in many fields and applica-
tions. To get the weights, this method is based on conducting a pairwise comparison 
of the importance of each variable (Saaty 2008), in this case as vulnerability factors. 
A survey was executed for this purpose. The first section asked the respondents 
for general data that would later be needed for profile analysis (occupation, age or 
birthplace). The second section compared the factors. There were 21 questions in 
total in random order, so as not to put the last answers at a disadvantage. For each 
question, the survey respondent had to assess the relative importance of one variable 
compared to another on an ordinal scale: “very strong /strong /moderately strong / 
of equal importance /moderately low/low /very low”. As this process adhered to the 
principle of reciprocity, the reciprocals were calculated with the answers obtained. 

The results were processed with the AHP technique, using the “ahpsurvey” 
package in R software (Cho 2018). As a result, a matrix of weights by factor and 
professional profile was obtained. Variables were then normalised in a common range 
between 0 and 1 (Eq. 1) and the COVID-19 social vulnerability index (COVID-19 
SVI) was calculated. 

Vn,v = Vv − Vv,min 

Vv,max − Vv,min 
(1) 

where Vn,v is the normalised value v; Vv is the original value; Vv,min. is the minimum 
value; and Vv,max is the maximum value.
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The final result of the COVID-19 SVI is a number between 0 (very low vulnera-
bility) and 1 (very high vulnerability). The formula used to calculate the “index” is 
described below (Eq. 2). 

Covid19SVI = (normPD × weightPD) + (normA × weightA) 
+ (normFeP × weightFeP) + (normFoP × weightFoP) 
+ (normOvc × weightOvc) + (normEduc × weightEduc) 
+ ((1 − normInc) × weightInc) (2) 

This process was repeated for every scale of analysis proposed: district, BHA, 
census section and block. The results were then mapped with a qualitative legend with 
five intervals (very high, high, moderate, low and very low vulnerability), discretised 
by the quintile method to compare both the different factors and the multi-scale 
analysis. 

Results 

Survey Results 

The results of the survey, which was responded by 404 subjects, reached a significant 
level of p < 0.05 with a 95% confidence interval. Forty-five per cent of the respondents 
were aged 18–40, 34.4% were aged 41–60 and 20% were over 60. Broken down by 
sex, 59.4% were female and 40.6% male. By professional profile, 24.8% of the 
respondents came from the healthcare sector, 20.5% from the geography sector, 
16.6% from the social work sector and 1.7% from the Public Health Administration 
(PHA), which was added to the social work profile. The “other” category accounted 
for the remaining 36.3%. Most respondents (72.8%) lived in the city of Zaragoza 
and 87.9% said they had knowledge about the city. In addition, 18% of the people 
surveyed suggested other factors to be included, 11.1% added other comments and 
24.7% left their email address to receive information about the results (Fig. 3).

There are hardly differences among the profiles surveyed (Fig. 4). The three 
most valued factors are overcrowding (0.223), population over 60 years old (0.218) 
and population density (0.204). However, despite the apparent “agreement” among 
professional profiles, there is a certain dispersion in the individual ratings of each 
group. This is especially noticeable in factors with the lowest weights, such as 
female population (0.073), income level (0.103), education level (0.08) and foreign 
population (0.099).
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Fig. 3 General data of respondents

Fig. 4 Average weights assigned to vulnerability indicators per profile 

Distribution and Characterisation of Social Vulnerability 
Factors at Different Scales 

The spatial distribution of the variables shows a clear and identifiable pattern at all 
scales of analysis. However, the districts were seen as too large and varied to serve as 
a unit of analysis, as their mean values masked many internal differences. As such, 
this section will present the results of the BHA and census section for each factor 
and the index, while the latter will also be mapped at the block level. 

BHAs in working-class districts have the highest vulnerability values of almost 
any variable, especially in the following factors: foreign population, overcrowding, 
education level and income level (Fig. 5). By contrast, BHAs in suburbs show values 
belonging to the first two quintiles for all variables except income level, which has
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average values compared to the rest of the city. Population density values here are 
much lower than in the rest of the city. 

Fig. 5 Distribution and characterisation of social vulnerability to COVID-19 at the BHA scale by 
the GEOT Group
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The pattern continues at the census section scale, but differences and nuances 
increase in the distribution (Fig. 6). Even though most sections with the highest 
vulnerability values belong to the BHAs, there are also cases where the average BHA 
values conceal a vulnerability hotspot. For instance, the relatively good value of the 
Casablanca BHA (0.29) hides the very high vulnerability of its census section (0.52). 
The opposite also occurs, as BHAs with very high vulnerability values can cover up 
internal differences. For example, the census section values of the Univérsitas BHA 
(0.50) range from very low vulnerability (0.26) to the worst value in the city (0.70).

This scale revealed the main hotspot for factors such as foreign population, over-
crowding, education level and income level, since they all reach the highest values in 
the city in the same census sections, all of which belong to working-class districts. 
Transitional sectors are frequently found around them, fluctuating between high 
and low values, though there are also drastic changes, such as in the El Rabal and 
Casablanca districts. The other three factors show a different spatial distribution. 
The population density factor maintains the contrast between suburban sections and 
the rest of the city. The factor of age is the most dispersed throughout the city. Finally, 
the female population factor has a particular distribution, as the highest values are 
concentrated on an axis running from the historical centre to the Univérsitas district. 

The distribution of vulnerability at the block scale (Fig. 7) remains broadly the 
same as in the census section, though higher resolution favours identification of 
transitions within vulnerable spaces, as seen in the Delicias and Torrero districts. 
Blocks with very high vulnerability are more easily identified in sectors with lower 
vulnerability, which in some cases is where the population over 60 resides.

Discussion 

The impacts of COVID-19 do not affect all people equally, but socioeconomic, 
demographic and housing factors modulate their magnitude (Barrera et al. 2021; 
Seddighi 2020). This study has developed a methodology to measure social vulner-
ability by constructing a synthetic index using sociodemographic variables. The 
process adheres to the criteria proposed by Spielman et al. (2020): theoretical consis-
tency, external consistency, practicality, transparency, interpretability, relevance and 
internal consistency. The index is based on the well-established theoretical approach 
of the SDHs, expressing vulnerability on a closed numerical scale (from 0 to 1). It 
has been built from freely available information and uses a standardised assessment 
procedure that can be replicated at multiple spatial scales. Moreover, if this index 
is compared with other national-level indices made by the Atlas de Vulnerabilidad 
Urbana (Ministerio de Movilidad n.d.)—ISVUN-Global, ISVUN-Sociodemográfico, 
the most vulnerable sections generally coincide, thereby verifying the former’s 
suitability. 

An essential resource resulting from this study is mapping, which can be key 
for COVID-19 management (Rose-Redwood et al. 2020). The spatial knowledge 
produced helps to understand complex phenomena in origin involving different
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Fig. 6 Distribution and characterisation of social vulnerability to COVID-19 at census section scale 
by the GEOT Group
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Fig. 7 Distribution of social vulnerability index to COVID-19

factors (Pueyo-Campos et al. 2016). For instance, this analysis reveals distribution 
patterns, which are fundamental for understanding the explanatory factors and there-
fore require action. In Zaragoza specifically, the distribution of vulnerability is closely 
related to the effects of urban transformation during the twentieth and twenty-first 
centuries (Escolano-Utrilla et al. 2018; de Miguel González 2014; Monclús 2013; 
Pérez-Moreno and Kurtz 2019). As such, the spatial pattern is characterised by 
alternating concentric rings reflecting socioeconomic and urban differences, thereby 
confirming the strong social component of COVID-19. At the centre of these rings 
is the Independencia sector, which has “low vulnerability”. The commercial and 
service orientation of this part of the city, as well as the high price of land, as the 
latest data show (B.A. 2020), attracts upper-class residents to settle in large homes in 
a space with low population density. These characteristics are extended along small 
axes starting from the centre, such as Sagasta and Gran Vía (Escolano-Utrilla et al. 
2018). 

The second ring includes the city’s working-class districts: Delicias, Almozara, 
Las Fuentes, San José, Torrero and El Rabal, which exhibit higher levels of vulner-
ability. This can be explained by the lack of planning and facilities in these districts 
during the population explosion in the twentieth century. The boom was particularly 
intense in the 1960s, when 5,000 social housing units (Pérez-Moreno and Kurtz 
2019) and 60,000 new housing units are estimated to have been built without the 
necessary planning (de Miguel González 2014), with consequences that are still felt 
today. These districts are characterised by high population densities and poor-quality
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housing, with a high ageing rate that is only reversed in some sectors by the arrival 
of foreign populations attracted by lower land prices (Escolano-Utrilla et al. 2018). 

The last ring includes recently built districts located between the belts formed by 
the Z-30 and Z-40 roads. In contrast to the second ring, these neighbourhoods are 
characterised by lower population densities and a higher rate of young people who 
have left the city centre in recent years (Escolano-Utrilla et al. 2018). Thus, this ring 
has low levels of vulnerability. 

Nevertheless, these rings show significant differences in terms of urban 
morphology, housing quality and urban space, which are decisive in population 
density and land prices, and therefore in other factors analysed. This leads to 
differences between and within districts and creates vulnerability hotspots due to 
the overlap of several factors: foreign population, overcrowding, income level and 
education level. 

This study reveals that selecting the right unit of analysis is key to pandemic 
management. In the light of the results, the BHA appears too varied to serve as a unit 
of analysis, as its average values may mask a vulnerability hotspot and significant 
internal differences due to its large size. Instead, the census section seems to be the 
most appropriate unit of analysis due to its similarity to the block-level distributions 
and because it is a consistent and valuable source of information (Villarín Clavería 
and Segura Calero 2015), despite some problems such as it susceptibility to change. 

Finally, it is necessary to consider what action should be taken to improve the 
situation. While taking this into account in short-term measures to prevent an increase 
in socioeconomic and health inequalities (World Health Organization 2021), it can 
also inform mid- and long-term strategies. For example, in the medium term, social 
policies are needed to target, monitor and support the most vulnerable groups, while 
long-term policies should aim to lower vulnerability levels, especially as the effects 
of COVID-19 are likely to exacerbate social inequalities (Ocaña et al. 2020). As such, 
this article argues for the need to improve social policy management and coordination, 
especially with regard to providing health services. It also calls for the implementation 
of strategies targeting factors that can serve as a driving force to improve the rest, 
such as support for education and inclusion. While urging continuous progress in 
gathering knowledge about the SDHs, it also proposes future lines of research, such 
as cross-referencing levels of vulnerability with incidence and fatality rate data to 
check if there is a correlation and monitoring vulnerability in these spaces to quantify 
the consequences of the pandemic. 

Conclusions 

The impacts of the COVID-19 pandemic will not affect all groups equally. Therefore, 
the creation and mapping of a vulnerability index can be crucial for pandemic-related 
decision-making and for identifying spatial distribution patterns. While constructing 
and applying this index of social vulnerability to COVID-19 (COVID-19 SVI), some 
conclusions of this research can be extrapolated to other case studies.
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The factors with the highest values were overcrowding, age and population 
density, while the factors with the lowest values were female population, educa-
tion level, income level and foreign population. However, there were a range of 
opinions when assessing the factors, particularly those with lower values. Neverthe-
less, this diversity does not reflect the different fields of knowledge so much as each 
respondent’s individual opinion. 

Once the multi-scale analysis was carried out, the importance of selecting the 
right scale for the analysis became clear. The conclusion was that the census section 
provides the optimal scale in this case, since a smaller scale would conceal internal 
differences in the neighbourhoods and preclude the proper detection of vulnerability 
hotspots. 

Finally, social vulnerability to COVID-19 in Zaragoza is reflected in a spatial 
pattern of alternating concentric rings closely related to urban morphologies and 
the quality of housing and urban space. Areas dominated by the commercial sector 
show lower vulnerability, while working-class districts, which are more dense and 
populous, present high levels of vulnerability. Factors such as overcrowding, foreign 
population, education level and income level overlap in certain working-class areas, 
producing significant vulnerability hotspots. 

In conclusion, this article advocates the measurement and spatialisation of vulner-
ability as a key management and decision-making tool. It also stresses the need to 
monitor socioeconomic developments and the social determinants of health and to 
implement policies to improve these spaces and prevent the situation from wors-
ening. For all these reasons, further work on this subject is needed, as it has received 
too little study to date. 
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Abstract The COVID-19 pandemic has had a great impact in education, and as 
an emergency response, education implemented some form of remote teaching and 
learning. This study aimed at describing the satisfaction level of university students in 
synchronous online teaching and learning at the Geography Department, University 
of the Aegean, Greece, during the COVID-19 pandemic. The sample of the research 
was 60 undergraduate students, who participated in online synchronous teaching 
geography courses in 2020–2021 (Semesters: Spring - Fall 2020; Spring 2021). Data 
collection was performed via a Google Forms questionnaire which the researchers 
distributed via e-mail; data analysis was done quantitatively, aimed at measuring 
students’ satisfaction on the quality of applying the online teaching methods. The 
result of students’ responses showed that 35 students (65.0%) were satisfied with the 
implementation of online learning organized by the department, and 13 other students 
(21.7%) stated that they were very satisfied, although there were also a small number 
namely 8 students (13.3%) expressed dissatisfaction. Most students were satisfied 
with the good communication with the professors and the students believe that the 
professors were facilitators. However, the students stated that they were dissatisfied 
with their effectiveness because they were bored with the independent assignments. 
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Introduction 

According to Rizou et al. (2021), the past two years were undoubtedly marked by the 
global spread of the COVID-19 virus, to such an extent that it has since become an 
integral part of our daily routine. Moreover, this co-existence has tipped the scales 
on our personal and socio-economical lives in many aspects, including education 
(Yan et al. 2020). It has ushered many schools around the globe to switch to online 
synchronous teaching methods, as a means of continuing their educational efforts 
despite the widespread closures of all levels of schools and institutions. A survey 
showed that more than 1,723 billion students (or 80%) of compulsory and university 
education had been lead away from school facilities (Crawford et al. 2020). Approx-
imately 191 countries have implemented nationwide closures, affecting approxi-
mately 99.4 percent of the world’s student population (World Health Organization 
2020a; World Health Organization 2020b). School shutdown has affected several 
stakeholders such as students, teachers, and families, besides bearing other economic 
and social consequences (UNESCO 2020). To facilitate distant learning, such tools 
as online learning programs, apps, and web-based platforms were made available to 
the public, both students and faculty, in order to reach remote learners and reduce 
disruption to education (Steffens 2020; World Health Organization 2020b). 

In 2020, Greece has undergone three waves of COVID-19 outbreak. On February 
26, 2020, Greece recorded the first case of COVID-19. After that, there were new 
cases consecutively in various cities and provinces across the country. On March 23, 
2020, the Prime Minister issued a directive on the implementation of urgent measures 
to prevent and control the COVID-19 pandemic, and in April 2020, the whole country 
implemented social isolation and a lockdown nationwide. In response to the emer-
gency, most of educational institutions in the country immediately thought of ways 
to ensure the teaching and learning activities would take place (Government Offi-
cial Journal 42/A/25.02.2020; Government Official Journal 956/B/21.03.2020; Join 
Ministerial Decision (JMD): No D1a/Under General Register No 20021; JMD: No. 
D1a/ Under General Register No 24343). Therefore, synchronous online teaching 
and learning1 was applied as the main measure to deal with the situation. However, 
some challenges have been identified since not every institution has previous expe-
rience with e-learning. On May 11, it issued a new directive on gradual reopening 
shops and 3rd grade of upper secondary schools with certain personal protection 
measures (use of masks, plastic gloves and keeping distances). On May 18, the face-
to-face teaching resumed for all courses and all secondary school students. On the 
contrary, online teaching continued for all higher education as well as the final exams 
(JMD: 63,314/General Decree (G.D.) 4/26–05-2020).

1 Synchronous online learning means that students are required to log in and participate in class at 
a specific time each week. The class is a firm, weekly time commitment that cannot be rescheduled. 
Much like an on-campus class, students will have readings and assignments to complete outside 
of class time to help prepare them to participate in the discussion. This kind of preparation from 
students, along with a dedicated agenda, set by the instructor (Schneider 2020). 
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On November 14, 2020, primary schools and kindergartens closed, initially for 
two weeks, and from November 18, 2020, they switched to distance learning. The 
schools remained closed until Monday, January 11, 2021, when the primary schools 
and kindergartens opened while the lower secondary schools opened on Monday 
February 1, 2021, with the announcement of the Minister of Education, while in the 
“red” areas such as Attica the upper secondary schools continued the lessons with 
distance synchronous teaching. 

On September 13, 2021, all schools started face-to-face teaching until the end of 
the academic year 2021–2022. Additionally, according to no. 111525/G.D. 4/10–9-
2021 (Government Official Journal 4188/B) decision of the Ministry of Education, the 
school units of the primary and of secondary education are obliged, exceptionally, 
to provide distance education to students if the risk of spreading the coronavirus 
COVID-19 remains, or to those who are unable to attend the educational process in 
person. 

According to the ministry of education in Greece, the universities had to do online 
courses. Universities can use online learning more easily than secondary education. 
But many universities’ students had difficulties to connect on the internet network or 
they have not facilities. The universities’ campus has the appropriate facilities, but the 
students were not allowed to enter in the universities during the COVID-19 era. So, 
it was of great importance to conduct an in-depth research on the level of satisfaction 
of the students regarding online learning and whether the particular method met their 
requirements and expectations as it is basically distance learning (Taufik and Fiptar 
2022). 

E-learning (e-Learning) is a form of teaching that uses the Web as its main tool. 
According to Nishimura, 2021, there are three main reasons why this type of learning 
can contribute to improving educational issues. The first one is that students can study 
theoretically anywhere, although an internet connection is a prerequisite. The second 
reason is that the quality of education provided is uniform, since the same learning 
materials are used by all students. Thirdly, it can be introduced at a reduced cost, in 
comparison. As the same teaching material can be delivered to many learners and 
since there is no need to secure appropriate teachers or instructors or dispatch them 
to the areas where the learners are located, the total cost is significantly reduced. E-
learning, as a flexible learning pathway, enables the inclusion of diverse learners and 
improves the concept of lifelong learning. Lately, e-learning is becoming a crucial 
strategy that increases accessibility opportunities to higher education for all people. 
Several research studies have been published on the benefits of e-learning in higher 
education. With these benefits in mind, we consider e-learning as an opportunity 
to achieve the sustainability of education, given the current huge shift to digital 
education due to the COVID-19 pandemic (Barclay et al. 2018; Andrade and Alden-
Rivers 2019; Basilaia, et al. 2020). In this chapter, we explore the impacts of the 
COVID-19 pandemic and e-learning on achieving one of the Sustainable Develop-
ment Goals (SDG). In particular, we are referring to SDG Number Four, one of 
the most prominent ones, which is to provide learners with high-quality education 
and ensure inclusive and equitable quality education and promote lifelong learning 
opportunities for all.
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Literature Review 

The COVID-19 outbreak affected education in such manners as reducing school’s 
productivity and teaching quality, mainly by diminishing accessibility to educational 
services and thus causing frustration and disorientation to students and educators 
alike. Limited accessibility, combined with deficiency in home teaching material 
and parents’ preparedness for distant e-learning, further caused social isolation and 
emotional imbalance and in many cases, school dropouts (World Health Organization 
2020a). Universities were faced with a major challenge: to protect their staff and 
students, while still providing quality services and high-level academic education. To 
counter these impacts, governments were quick to take measures to ensure education 
continuity through an urgent approach to online teaching and distance learning with 
many ongoing e-learning solutions (World Health Organization 2020a). According 
to Hodges et al. (2020), remote teaching and learning as a response to the emergency 
is a temporary change of the currently applied teaching method, to the use of fully 
online teaching solutions and to flexible adoption or alternating between online and 
traditional teaching or combined instruction when the disease is well controlled to 
minimize the risks and damages. The main goal of adopting online teaching methods 
is to provide a potentially lasting teaching method that supports the learning process 
and to avoid the interruption of education during the COVID-19 crisis (Hodges et al. 
2020). 

Synchronous online teaching is not a new concept (Singh & Thurman 2019); 
however, for many of academics, it is a shift away from the traditional class-
room teaching model (Schneider and Council 2021). Technology is quite naturally 
the cornerstone of online teaching (via discussion boards or learning management 
systems, etc.) as geographically separated students and departments interact through 
two-way communication technologies (Schneider 2020) (Fig. 1). Online teaching 
tools that are mainly used in Greece are WebEx, Zoom, BBB (BigBlueButton) plat-
forms, etc., and they are used in all levels of primary to tertiary education. Teaching 
with their aid of them can go both ways supporting synchronous and asynchronous 
learning.

With online learning, distance is eliminated; both teachers and students interact 
by seeing and chatting (with) each other while students can still perform group 
activities. Undoubtedly, online teaching reduces direct (i.e., physical) interaction 
which becomes an advantage of course in the fight against the COVID-19 spread, 
effectively minimizing risks and sources for it (Molina Higgins et al. 2022). However, 
online courses come with hidden challenges for both educators and students, making 
interaction and participation for students harder than it is in a conventional classroom 
(Lore 2000; Purcell-Robertson and Purcell 2000). In addition, during COVID-19 
remote teaching practical exercises in geography courses, practice in school and 
fieldwork including laboratory work was not implemented. It is a well-known fact 
that geography education courses aid in students’ developing motor skills, teamwork, 
and promoting social activities, through group or competitive activities—and this 
isn’t something that can be carried out due to the circumstances enforced upon us
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Fig. 1 Synchronous online learning (Scheiderer 2020)

by the epidemic, since none of the online geography classes can offer what they 
would normally. Even through online learning, where educators provide lectures via 
virtual classes that can be accessed anywhere and anytime, unbound by time and 
space (Hastuti et al. 2021), they still are unable to develop the above-mentioned 
competencies. 

Nonetheless, during the COVID-19 outbreak, geography courses were carried out 
online in order to obtain learning progress. It is worth mentioning some of the advan-
tages of such applications as online learning for students: (1) versatility (appropriate 
time and place); (2) enhance knowledge (accessing a large amount of data through 
the Web); (3) opportunities for interaction (via online discussion forums); (4) cost-
effective (no need traveling); (5) compensates the lack of academic staff and facil-
ities; (6) learning in their own pace, (asynchronous or synchronous way) (Hastuti 
et al. 2021). Thus, while it’s not wrong to say that online teaching has more advan-
tages than disadvantages and can guarantee, to some extent, uninterrupted learning 
progress against COVID-19 circumstances, we must still examine if it has a positive 
impact on the quality of teaching for students or not. We are hence faced with two 
important factors: student learning outcomes (expressed through mid-term assess-
ment or final assessment) as well as student satisfaction with the aforementioned 
method. In this study, the authors focus on surveying and analyzing students’ satis-
faction with the applied online teaching method, which is a limitation of the study. 
There are a small number of studies globally, concerning the student’s level of satis-
faction with the applied teaching methods, and none about the application of online 
teaching in geography education in Greece is found. This study is done to bridge the 
gap, to some degree.
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Research Questions 

In this survey, four primary research questions were addressed: 

1. What are the undergraduate students’ views on the preparation for online 
teaching? 

2. What are the undergraduate students’ views on pre-class activities for 
synchronous online teaching? 

3. What are the undergraduate students’ views on in-class activities during online 
teaching? 

4. What are the undergraduate students’ views on post-class activities of online 
teaching? 

The research questions were designed in such a way as to investigate the under-
graduate students’ satisfaction level concerning the preparation stage and the pre-
class, in-class, and post-class activities of online teaching. Preparation steps included 
providing all undergraduate students with instructions regarding synchronous online 
learning, as well as the use of the platforms and applications they would come in 
contact with during the semester. Next, they were added to their respective e-class(es) 
by their teachers, so they could be able to upload exercises and activities or download 
the available teaching material. Additionally, through their e-class dashboard, they 
could send and receive messages and receive degrees. It was required of them to be in 
the possession of a digital device (laptop or PC) at home, complete with (broadband) 
internet connection. 

With regard to the pre-class activities, teachers sent teaching material to their 
students to be prepared in advance for the online class, while posting messages in 
their e-class(es) boards providing instructions about the preparation and the tasks 
that students had to carry out (Gay 2016; Kay  2022). During the in-class activities, 
all students had to have their camera turned on and teachers facilitated discussion 
among them during the online course (Kay 2022). It was important for students to 
interact with each other because they were physically not present in the same room, 
and complete the given tasks on time. Lastly, the post-activities involved teachers 
being consistently available to correct mistakes and comment on the assignments 
so that their students would hand in a completed assignment or essay in the end; 
feedback was immediate and on-point, in order to answer questions or resolve any 
difficulties in the part of the students. 

Research Methodology 

The research carried out during the turmoil of the COVID-19 pandemic took 3 weeks 
to conduct (from May to June 2022). A total of 120 undergraduate students from 
the Geography Department of the University of the Aegean was our population, and 
the final sample comprised 60 (32 males or 53.30% and 28 females or 46.70%) of
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Table 1 Description on the sections of the questionnaire instrument 

Section Description Number of items 

A Demographic data 4 

B Preparation for online teaching 6 

C Pre-class activities in the online teaching 3 

D In-class activities in the online teaching 9 

E Post-class activities in the online teaching 3 

TOTAL 25 

them, who have participated in online synchronous learning geography courses in 
2020–2021 (Semesters: Spring - Fall 2020; Spring 2021). 

An online questionnaire was created for this purpose (with the aid of Google 
Forms) and was sent to the selected participants. It consisted solely of closed-type 
questions (25 in total), and it was estimated that 10’ minutes were adequate for 
completing and submitting it. With the exception of the demographic data section, 
we used Likert Scale with five (5) possible answers. The scale started (low point) 
with “Strongly Disagree”/ “Nothing” and went up (high point) to “Strongly Agree”/ 
“More than expected.” The responses were organized, coded, and analyzed using 
IBM SPSS v25. It must be noted that most of the closed-type questions were taken 
(verbatim) from the article (Thi and Thi 2021) since they reflect precisely the topics 
we need to examine as well. 

The questionnaire consisted of four main sections, pertaining to students’ satis-
faction with the preparation for the online teaching, with pre-class, in-class, and post-
class activities in the online teaching plus one more for the demographic information. 
The details for each section are summarized in Table 1. 

Findings and Discussion 

Students responded by submitting their completed questionnaire, which had been 
previously e-mailed to their own academic e-mail. The composition of the sample is 
as follows (Table 2):

Students’ Satisfaction with the Preparation for the Online 
Teaching 

We can acknowledge that with the aid of digital and mobile devices such as smart-
phones, laptops, tablets, and personal computers, supporting e-learning through the 
internet becomes an easy task anytime and from anywhere (Gikas and Grant 2013).
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Table 2 Sample demographic data 

Sex Male Female 

53.30% 46.70% 

Age (years) 19 20 21 22 >22 

15.00% 16.70% 15.00% 26.70% 23.30% 

Studies 
(year) 

2nd 3rd 4th >4th 

28.30% 33.30% 30.00% 8.30% 

Scientific 
Field 

None Physical 
Geography and 
Environment 

Geo-informatics Human 
Geography 

Spatial 
Development 
and Planning 

11.70% 36.70% 25.00% 21.70% 7.00%

Zoom is a platform or software application for online learning activities; this plat-
form is used by students and teachers of Geography Department. However, internet 
connection was very necessary for e-learning. Based on the results of student’s ques-
tionnaires (Table 3), most of students (81.60%) had already desktop and internet 
connection, so this was not barrier for online learning. Although most of the students 
are very familiar with computers, internet, and online platforms, most of them 
(78.45%) said that they were informed about the platforms and applications used 
in geography courses during the COVID-19 and they were added to open e-class by 
the instructors to have access to educational material, to upload learning activities, 
receive and send messages as well as the grades, during the COVID-19. Another 
problem that some students had faced was that some of them (43.40%) they hadn’t 
a quiet place for studying online during the COVID-19.

Students’ Satisfaction with Pre-Class Activities for the Online 
Teaching 

Students’ satisfaction is an essential element of assessing the effectiveness of teaching 
and learning (O’ Flaherty & Phillips 2015) as it can influence students’ motivation, 
performance, and success (Thi & Thi 2021). According to the results (Table 4), 
students were satisfied with online learning because most of them said that educators 
send the learning materials to be read before the online session (41.70%) and they 
post messages in the class group to remind the lesson preparation before each online 
session (56.70%).
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Table 3 Data for students’ satisfaction with the preparation for online teaching 

Questions Strongly 
disagree 

Disagree Neutral Agree Strongly 
Agree 

Mean 
value 

Standard 
Deviation 

I received 
instruction 
on how to 
learn online 
during the 
COVID-19 

1(1.7%) 9(15.0%) 19(31.7%) 22(36.7%) 9(15.0%) 3.48 0.983 

I was  
informed 
about the 
platforms and 
applications 
used in my 
geography 
courses 
during the 
COYID-19 

0(0.0%) 3(5.0%) 9(15.0%) 34(56.7%) 13(21.7%) 3.97 0.765 

I was added 
to open e-
class by the 
instructors to 
have access 
to 
educational 
material, to 
upload 
learning 
activities, 
receive and 
send 
messages as 
well as the 
grades, 
during the 
COYID-19 

0(0.0%) 2(3.3%) 5(8.3%) 26(43.3%) 25(41.7%) 4.28 0.768 

I have a  
desktop and 
internet 
available to 
learn online 
during the 
COYID-19 

1(1.7%) 3(5.0%) 7(11.7%) 20(33.3%) 29(48.3%) 4.22 0.958

(continued)
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Table 3 (continued)

Questions Strongly
disagree

Disagree Neutral Agree Strongly
Agree

Mean
value

Standard
Deviation

I have a  
laptop and 
internet 
available to 
learn online 
during the 
COYID-19 

1(1.7%) 1(1.7%) 5(8.3%) 23(38.3%) 29(48.3%) 4.32 0.840 

My place is 
quiet and 
there is a 
suitable 
space for 
studying 
online during 
the 
COYID-19 

3(5.0%) 7(11.7%) 16(26.7%) 17(28.3%) 16(26.7%) 3.61 1.160

Table 4 Data for students’ satisfaction with pre-class activities in the online teaching 

Questions Strongly 
disagree 

Disagree Neutral Agree Strongly 
Agree 

Mean 
Value 

Standard 
Deviation 

Lecturers 
send the 
learning 
materials for 
students to 
read before 
the online 
session 

2(3.3%) 12(20.0%) 21(35.0%) 18(30.0%) 7(11.7%) 3.27 1.023 

Instructors 
post 
messages in 
the class 
group to 
remind the 
lesson 
preparation 
before each 
online 
session 

0(0.0%) 6(10.0%) 20(33.3%) 25(41.7%) 9(15.0%) 3.62 0.865 

Instructors 
assign tasks 
and ask 
students to 
practice 
before the 
online 
session 

2(3.3%) 8(13.3%) 16(26.7%) 18(30.0%) 15(25.0%) 3.61 1.114
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Students’ Satisfaction with In-Class Activities During 
the Online Teaching 

Given the fact that neither teachers nor students need to travel to school, lack of 
punctuality—if any—should be attributed to different reasons rather than the usual 
ones (e.g., technical issues instead of traffic, etc.). Furthermore, the absence of phys-
ical presence, which normally contributes to students’ increased participation and 
higher focus, must be compensated for with other methods—such as visual contact 
(through camera) and higher interactivity (via individual Q&A), while keeping the 
class in order and everyone on the same page all along. 

Data analysis (Table 5) showed that students found their teachers to be “averagely” 
punctual (a combined total of 60.00% “Agree” or “Strongly agree,” Mn= 3.65) while 
at the same time consider themselves to be “mostly” punctual (equivalent total of 
66.70%, Mn = 3.88). On the matter of making up for the lack of physical presence 
via visual contact, we found that only about 5% of the students chose to use their 
camera. However, this could be owed to a number of reasons: absence of camera, lack 
of confidence or high self-consciousness, tendency to refuse to comply, etc. They 
did feel that the instructors had moderate control over the discussion and upkeep of 
focus, with their answers being either “Neutral” (35.00% and 33.30%, respectively) 
or “Agree,” at best (33.30% and 30.00%, respectively). Their opinions regarding 
the opportunity to interact with each other were more evenly distributed around the 
“Neutral” value (Mn = 3.12). Nevertheless, they replied that instructors spent time 
to provide comments and correct their mistakes throughout the lesson (combined 
total of 66.7% “Agree” & “Strongly agree,” Mn = 3.62). Additionally, instructors 
were thought to spend an equal amount of time providing guidance (Mn = 3.36) as 
well as correcting mistakes and giving feedback to students (Mn = 3.62). Finally, it 
is worth pointing out that half of the students claimed to encounter technical issues 
during their online class (50.00%, Mn = 2.72) with an extra 20.00% of them being 
on the “Neutral’ mark.

Student Satisfaction with Post-Class Activities of the Online 
Teaching 

A combined percentage of 63.30% of the students declared themselves satisfied 
(“Agree” & “Strongly agree”) with the immediacy of the teachers’ replies to the ques-
tions they submitted. At the same time, 2/3 of them consider that teachers promptly 
and at regular intervals posted announcements about corrections that must be made 
or warnings about task deadlines (Table 6). Additionally, 73.30% of them found that 
the lecturers were up to the task of assisting them in their activities by providing 
targeted advice and on-point suggestions. It must be noted here that this final ques-
tion gathered the most positive responses, as it features the highest average compared 
to the other two (Mn = 3.82 and Mn = 3.68, respectively).
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Table 5 Data for students’ satisfaction with in-class activities during the online teaching 

Questions Strongly 
disagree 

Disagree Neutral Agree Strongly 
Agree 

Mean 
Value 

Standard 
Deviation 

Instructors 
always join 
the online 
class on 
time 

3(5.0%) 4(6.7%) 17(28.3%) 23(38.3%) 13(21.7%) 3.65 1.055 

I always  
join the 
online class 
on time 

2(3.3%) 3(5.0%) 14(23.3%) 21(35.0%) 19(31.7%) 3.88 1.035 

All the 
students in 
my class 
turn on the 
camera 
during the 
study 

12(20.0%) 25(41.7%) 20(33.3%) 2(3.3%) 1(1.7%) 2.25 0.876 

The 
instructor 
facilitates 
student 
discussion 
during 
online 
lessons 

2(3.3%) 11(18.3%) 21(35.0%) 20(33.3%) 5(8.3%) 3.25 0.975 

Lecturers 
have good 
control over 
students’ 
attendance 
during 
online 
lessons 

6(10.0%) 10(16.7%) 20(33.3%) 18(30.0%) 6(10.0%) 3.13 1.127 

Students 
have the 
opportunity 
to interact 
with each 
other during 
online 
lessons 

6(10.0%) 12(20.0%) 18(30.0%) 17(28.3%) 7(11.7%) 3.12 1.166

(continued)
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Table 5 (continued)

Questions Strongly
disagree

Disagree Neutral Agree Strongly
Agree

Mean
Value

Standard
Deviation

Instructors 
spend most 
of their time 
guiding 
students 
through 
their 
activities 

3(5.0%) 5(8.3%) 23(38.3%) 24(40.0%) 4(6.7%) 3.36 0.924 

I have no  
technical 
problems in 
the online 
learning 
process 
(broken 
computer, 
poor 
network, 
power 
failure …) 

10(16.7%) 20(33.3%) 12(20.0%) 13(21.7%) 5(8.3%) 2.72 1.223 

The 
instructor 
conects 
mistakes 
and gives 
comments 
to each of 
student 
while 
practicing 

2(3.3%) 9(15.0%) 9(15.0%) 30(50.0%) 10(16.7%) 3.62 1.043

The students’ responses on the overall evaluation of online synchronous learning 
show a rather neutral attitude. Just 8 of them (13.40%) chose not to answer or 
expressed negative impressions, while most (35 – 65.00%) appear to consider that 
e-learning offered them what they expected. An additional 13 of them (21.70%) said 
it even exceeded their expectations (Table 7).

Conclusions 

The pandemic brought school closures at an unforeseen scale. Based on the findings 
of this research, the researchers conclude that most students of the Geography Under-
graduate Study Program at the University of the Aegean are mostly satisfied with the 
implementation of online learning organized by the department, while only a small
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Table 6 Data for students’ satisfaction with post-class activities of the online teaching 

Questions Strongly 
disagree 

Disagree Neutral Agree Strongly 
Agree 

Mean 
Value 

Standard 
Deviation 

The 
instructor 
promptly 
responded to 
my 
submissions 
in the group 

1(1.7%) 6(10.0) 15(25.0%) 27(45.0%) 11(18.3%) 3.68 0.948 

The 
instructor 
regularly 
published 
notices 
reminding 
students to 
review the 
learned 
content and 
complete the 
assigned 
assignments 

0(0.0%) 7(11.7%) 13(21.7%) 32(53.3%) 8(13.3%) 3.68 0.854 

Teachers are 
ready to 
assist if 
students 
have 
difficulty 
with 
homework 

1(1.7%) 2(3.3%) 13(21.7%) 35(58.3%) 9(15.0%) 3.82 0.792

Table 7 Data for students’ satisfaction of the distance synchronous teaching (overall) 

Overall 
Distance 
synchronous 
learning 

Nothing Less than 
expected 

As 
expected 

Neutral More than 
expected 

Mean 
value 

Standard 
Deviation 

Level of 
Satisfaction 

1(1.7%) 7(11.7%) 21(35.0%) 18(30.0%) 13(31.7%) 3.58 1.013

part of them are either very satisfied or dissatisfied. E-learning has some advantages 
for students: (a) the students can choose the place where they attend lectures and they 
don’t need to spend money for journeys; (b) the students can learn at their pace; (c) 
the students can communicate with each other in online forums and it helps someone 
with fear of speaking. The level of students’ satisfaction with online learning depends 
on the communication they had with the professor and how well he coordinated the 
course. Research by Sun et al. (2008) informs that the flexibility of time, learning
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methods, and place in online learning influences student satisfaction with learning. 
On the other hand, the students were dissatisfied because they thought they were not 
very efficient and they felt bored with the independent assignments. Also, e-learning 
has the danger of disengaged participation in class (e.g., passive listening or watching 
the teacher’s lecture, silently reading peer statements in the chat) (Smith and Smith, 
2014). The use of online synchronous learning can increase learning independence 
(Al Rawashdeh et al. 2021; Nielsen 2012). In general, students show a positive atti-
tude toward the implementation of online teaching. They believe that the overall 
design and implementation of this type of teaching overcame existing obstacles and 
offered—under the current conditions—an alternative form of learning. Their posi-
tive feelings, as analyzed above, were plentiful, albeit skepticism remains; the way 
this course was implemented demands further investigation, mainly from the aspects 
of pedagogical application of online learning and the degree of involvement and 
autonomy of the students (Díaz-Noguera et al. 2022) concerning also the availability 
of internet services and additional costs that must be borne by students (Hastuti et al. 
2021). 
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Abstract The COVID-19 pandemic really went viral (pun intended) and dominated 
the media and public discourse, often overshadowing coverage of the equally urgent 
climate crisis. Despite their distinct features, both crises share important characteris-
tics, such as global impact, economic repercussions, and associations with biodiver-
sity loss, which disproportionately affect marginalized communities. Based on the 
bibliometric analysis, a significant body of literature exists on the impact of climate 
change on virus transmission and the environmental consequences of the pandemic. 
This work focuses on articles that explore the COVID-19 crisis as a learning experi-
ment for the climate crisis, suggesting that in both cases, mitigation policies are less 
costly than adaptation policies, a collective global response should be agreed upon 
through international agreements, support for vulnerable communities is crucial, and 
effective communication to policymakers and the public is paramount. 

Keywords Climate crisis communication · COVID-19 · Bibliometric analysis ·
Future climate actions 

Introduction 

The COVID-19 pandemic has had a significant impact on global society, with far-
reaching effects on daily life and the global economy. However, it has also under-
scored the interdependence of planetary-scale crises, particularly the climate crisis. 
Both crises share specific characteristics, such as being connected to biodiversity loss, 
having a major economic impact, and impacting communities worldwide, particu-
larly low-income and marginalized communities (IPCC 2014; WHO  2020). Studies 
have demonstrated that the COVID-19 pandemic led to a temporary decrease in
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greenhouse gas emissions, providing a glimpse of the possible effects of collec-
tive action on climate change (Le Quéré et al. 2020). Moreover, recent research has 
emphasized the connection between climate and virus transmission, suggesting that 
variations in temperature and humidity can influence the survival and transmission of 
specific viruses (Wu et al. 2020). The COVID-19 pandemic has also led to substan-
tial changes in human behavior and policy responses, which may have significant 
implications for efforts to mitigate and adapt to climate change. 

Furthermore, addressing the COVID-19 pandemic and the climate crisis is essen-
tial for achieving the Sustainable Development Goals (SDGs), a set of 17 interrelated 
goals aimed at achieving a more equitable, sustainable, and just global society by 
2030, developed by the United Nations (United Nations 2015). Given the importance 
of both crises and the potential for interconnected effects, it is critical to investigate 
the possible links and overlaps between the COVID-19 pandemic and the climate 
crisis. As a result, investigating the lessons that can be gained from the COVID-19 
crisis may provide valuable insights into how to tackle the climate crisis, especially 
in terms of mitigation and adaptation strategies. As Fuentes et al. (2020) wondered, 
what should the world have done in November 2019, a month before the COVID-19 
outbreak, to avoid what happened next? Does this question provide insight into how 
the world should prepare for something that might occur in the next 30 to 50 years? 

By carrying out this study, we aimed to examine that question, guided by the 
following research questions: 

RQ1: How has COVID-19 communication affected climate crisis public discourse? 
RQ2: What are the themes that arise in the literature’s intersection of the two crises? 
RQ3: What are the lessons from the COVID-19 crisis response? 

Methodology 

The COVID-19 pandemic and the climate crisis have attracted significant interest 
from both the academic and media communities, with many researchers looking 
into the overlaps and connections between the two global crises. However, to fully 
comprehend the magnitude and implications of these crises, a rigorous methodology 
is required. In the present study, we used a mixed-methods approach to answer our 
research questions, as such an approach allows for a nuanced understanding of the 
connections and overlaps between the COVID-19 pandemic and the climate crisis. 
In particular, the methodology we applied to the research questions is the following: 

Public Discourse on Climate Crisis and COVID-19 Pandemic 
(RQ1) 

To answer the first research question (RQ1) about public discourse on climate crisis 
and COVID-19, we utilized both academic and media sources. For the academic
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discourse, we collected data from the Web of Science database and created a chrono-
logical distribution of climate and coronavirus-related publications. To compare the 
volume of coronavirus-related literature to that of climate-related literature, we 
obtained the number of publications for each subject from the Web of Science 
database. We chose Web of Science (hereinafter “WoS”), because a) it is widely 
used and contains a large number of publications, and b) the bibliographic data can 
be exported in a VOSviewer-compatible file format, useful for answering RQ2. 

The search queries were: 

TI = CLIMAT*1 

TI = COVID* OR CORONAVIRUS*2 

We included publications spanning a decade (2012–2021). This timeframe was 
selected to encompass the most recent decade and include the emergence of COVID-
19 as a global pandemic. It also allows for an analysis of how the volume of literature 
on climate change and COVID-19 has evolved over time, particularly in the context 
of the Sustainable Development Goals established by the United Nations in 2015. 
We excluded publications from 2022 since we were only halfway through that year at 
the time of writing and did not have the full number of publications. To examine the 
chronological distribution of climate-related publications, we used linear regression 
analysis. This analysis provides insights into how academic discourse surrounding 
the climate crisis has been affected by the COVID-19 pandemic. 

For the media discourse, in order to examine the impact of COVID-19 on Internet 
users’ search queries about climate change, we collected data from the Google Trends 
tool. Google Trends (hereinafter referred to as “GT”) provides normalized values 
ranging from 0 to 100, representing the relative search volume for a search term 
during a given period and location (Google 2015). Increasingly, researchers across 
diverse fields have been utilizing search-trend analysis tools like GT to gain insights 
into Internet users’ interests (Ficetola 2013; Schaub et al. 2020). 

To compare interest in the topics of “climate change” and “COVID-19,” we 
queried GT from January 2019 until December 2021 using topics instead of 
keywords. This allowed for the comparison of interest across all relevant terms 
searched by users in all possible languages and areas (Kamiński et al. 2019). 

Emerging Themes in the Intersection of Climate 
and Pandemic Crisis (RQ2) 

To examine the themes that pervade the selected literature (RQ2), we employed 
bibliometric analysis, which provides a better understanding of the relationship 
between COVID-19 and climate change in terms of themes and research topics.

1 To include variations like climatic. 
2 To include variations such as covid, covid-19, etc.  
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We chose the Web of Science database to obtain bibliographic data because it is 
widely used and contains a vast amount of publications, and its bibliographic data 
can be exported in a VOSviewer-compatible file format. We conducted a keyword 
co-occurrence analysis to provide an overview of the underlying topical themes of the 
literature and to identify which themes pervade the entire collection of documents 
and how they relate to each other. We used VOSviewer software for this analysis 
(McAllister et al. 2022). 

Our query for the Web of Science database was: 

(TS = (((“climate change”) OR (“climate crisis”)) 

And 

(covid* OR coronavirus*))). 

And 

((DT = =  (“ARTICLE” OR “REVIEW”) AND DT = =  (“ARTICLE” OR “REVIEW”) 
AND LA = =  (“ENGLISH”)). 

We limited our search to the years 2020, 2021, and 2022, which yielded 1,281 
results, and then refined the results to exclude subjects that were irrelevant to our 
study by using the WoS filter “Web of Science categories,” resulting in 1,047 articles. 

To avoid redundancy of similar terms (e.g., COVID-19/COVID 19, carbon 
dioxide/CO2), we created a thesaurus Excel file with 37 terms, which was uploaded 
to VOSviewer for analysis (Appendix A). After some testing, we set the minimum 
number of articles in which a keyword appears to eight, resulting in 129 keywords 
when combined with the thesaurus file. We included titles, abstracts, and keywords 
in our analysis, which generated a map illustrating the main themes related to the 
issue of the climate crisis in relation to the COVID-19 crisis. 

Lessons Learned from COVID-19 Crisis Response (RQ3) 

To answer RQ3, we conducted a narrative literature review after shortlisting the 
articles used in answering RQ2, to those pertaining to public understanding of the 
pandemic and climate crisis. 

The 1,047 articles included in our bibliometric analysis served as our starting 
point. Based on the theme clusters found in RQ2, we defined criteria for excluding 
articles so that only those that were relevant to RQ3 were selected (Table 1). 

Following that, we performed first a title filtering and then a title/abstract filtering, 
which resulted in excluding 868 articles that did not meet the specified criteria. The 
179 remaining articles were sorted according to their citations, and lastly, the ones 
considered most relevant for answering RQ3 were taken into account.
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Table 1 Inclusion and exclusion criteria 

Inclusion criteria Exclusion criteria 

Contains relevant research keywords and the 
examined topic is discussed in the abstract 

Contains relevant research keywords, but the 
examined topic is not discussed in the abstract 

(Inter)national policies 

Environmental impacts of COVID-19 to climate 

Association of climatic indicators with 
COVID-19 

Food supply chain 

Results 

Public Discourse on Climate Crisis and COVID-19 Pandemic 
(RQ1) 

Academic Discourse 

In this section, we present the results of our analysis for RQ1, which aimed to inves-
tigate the comparative volume of climate-related and coronavirus-related research in 
the Web of Science database. To this end, we created a chart comparing the number 
of publications for each topic over time (Fig. 1). 

Fig. 1 Chronological distribution of climate versus coronavirus research volume
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R² = 0,9925 

R² = 0,9951 

Fig. 2 Chronological distribution of climate-related publications 

Research on coronaviruses has been limited prior to 2019, whereas climate-related 
research has shown a steady increase over time. While the sheer number of publica-
tions on coronavirus in 2020 and 2021 appears to be extensive compared to climate 
research, it is important to determine if this is truly the case. To investigate this, we 
analyzed the chronological distribution of climate-related articles during this period 
and conducted a linear regression analysis to determine the annual rate of change in 
published articles. Figure 2 displays the results of this analysis. 

Based on the rate of increase, we classified the yearly number of publications 
into two “eras.“3 During the first era, from 2012 to 2015, the number of publications 
increased at a rate of 720 articles per year. The increase rate is higher during the 
second era, from 2016 to 2021, which includes the COVID-19 article “boom,” with 
1370 climate-related articles per year. 

From these data, we may conclude that while COVID-19 was indeed a prominent 
topic, it did not overshadow climate-related research. In fact, the pandemic spurred 
new themes at the intersection of climate and COVID-19-related research, which 
will be discussed in the second part of our study. 

Media Discourse 

Apart from the world wars, possibly no previous worldwide event has inspired as 
much social concern about the well-being of people affected or occupied as much

3 We consider the “era” as a period of time with a certain rate of increase in publications. 
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media coverage as the pandemic. However, global public attention to climate crisis 
coverage fell by 59% from January to April 2020 (Mocatta and Hawley 2020). 
According to the findings of Loureiro and Alló (2021), COVID-19 had a negative 
impact on the public discussion of climate change on Twitter in the majority of coun-
tries they investigated. Rauchfleisch et al. (2021) investigated COVID-19’s coverage 
in Swiss media and Twitter between April 2019 and October 2020 and estimated a 
substantial negative impact of COVID-19 on media attention as well as on tweets 
about climate. Another study by Spisak et al. (2022) utilized data from Facebook and 
ascertained a drop in climate-related posts in the United States from August 2019 to 
December 2020. 

Figure 3 is a time series created by the values we acquired for the said period. 
The obtained data are in weekly intervals. 

According to the time series, the first peak in Internet users’ interest in COVID-
19 was in January 2020. We cross-checked it with the World Health Organization’s 
(WHO) timeline. On January 10, 2020, “WHO issued its first guidance on the novel 
coronavirus,” and on January 13, “the first case of the novel coronavirus outside of 
China was confirmed,” so it was bound to catch the public’s attention. The second 
and highest peak was in March 2020. Again, according to WHO’s timeline, on March 
12, “WHO characterizes COVID-19 as a pandemic” (WHO 2020). 

At the same time, the climate change time series reveals that public interest in 
climate change is substantially lower than for COVID-19, with a relative interest 
(number of climate change queries/maximum number of searches) of less than one.

Fig. 3 Google trends for climate change and COVID-19 search topics for 2019, 2020, and 2021 
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Fig. 4 Worldwide interest in Climate Change versus time 

To determine whether and to what extent COVID-19 overshadowed climate 
change interest, we examined trends concerning the search queries for the latter, 
not only during the pandemic but also in the preceding period. Figure 4 depicts the 
resulting time distribution of interest. 

Figure 4 illustrates that interest was relatively low until the summer of 2018. This 
could be attributed to the fact that, following the 2015 Paris Agreement, interna-
tional climate movements appeared to have gradually slowed (de Moor et al. 2021). 
However, global interest appears to have expanded since the fall of 2018. According 
to GT analytics, the top search topic in September was the Special Report on 1.5 °C 
Global Warming, while the top search topic from October onwards was Greta Thun-
berg. The “Greta Thunberg effect” emerged in the run-up to the Swedish elections, 
when Greta Thunberg, then 16 years old, began her school strike to draw attention 
to the issue of climate change. This quickly grew into a global movement of teen 
protesters, reintroducing climate change into the public discourse (Fisher and Nasrin 
2021; Sabherwal et al. 2021). 

The maximum interest was recorded in September 2019, after Thunberg’s “How 
dare you” speech at the United Nations and after US President Trump and Thunberg 
taunted each other on Twitter. However, interest in climate change gradually declined 
in the following period. 

Interest in climate change surged again in January 2020 as a result of the Australian 
wildfires (top queries according to GT: Australian bushfire) and again in February 
2020, when Amazon CEO Jeff Bezos announced a $10 billion Earth Fund to tackle 
climate change (top queries according to GT: Jeff Bezos, Jeff Bezos climate change).
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Despite this renewed interest, public interest in climate change diminishes after 
March 2020 (when the WHO declared COVID-19 a pandemic) and continues until 
September 2020 (WHO 2020). 

In conclusion, it can be inferred that COVID-19 had a negative impact on global 
public discourse. Some researchers attribute this effect to the “finite pool of worry” 
hypothesis, which suggests that when confronted with another, more immediate 
threat, people become less concerned about the previous one. 

Emerging Themes in the Intersection of Climate 
and Pandemic Crisis (RQ2) 

In the second research question, the focus is on identifying the keyword clusters and 
their interrelationships in the literature related to climate change and COVID-19. 
The resulting keyword network is presented in Fig. 5. 

Fig. 5 Co-occurrence of keywords appearing at least in 8 articles
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The size of the nodes indicates the focus on each of the keywords. The co-
occurrence of the nodes (keywords) in the same publication is represented by the 
curves connecting them. The smaller the distance between two nodes, the more 
frequently the two keywords co-occur. In addition, different colors represent different 
general research clusters (van Eck and Waltman 2020). 

According to Fig. 5, there are six keyword clusters forming. In Table 1, we included 
the 10 most central keywords of each cluster and in Table 2 the cluster’s general 
theme). 

Based on Table 1, the answer to RQ2 can be found in the themes that emerged 
from the intersection of the climate crisis and the COVID-19 crisis: 

1. Public response and understanding of crises, and the role of media and education 
2. Policies toward a “green” transition 
3. The effect of lockdowns and transportation restrictions on air quality 
4. Climate/environmental factors that contribute to virus transmission 
5. Future challenges related to the economy and technology 
6. Impacts of/on the food supply chain. 

In conclusion, the themes that emerged from the intersection of the climate crisis 
and the COVID-19 crisis shed light on the multifaceted nature of these global crises 
and highlight the urgent need for a comprehensive and interdisciplinary approach to 
tackling these interconnected crises.

Table 2 Clusters’ most central keywords and themes 

Cluster Keywords Theme 

C1 
(34 
items) 

climate change, pandemic, adaptation, resilience, science, 
vulnerability, knowledge, attitudes, communication, education, 
media 

Addressing 
Global 
Resilience 
Challenges 

C2 
(32 
items) 

covid-19, sustainability, greenhouse gas emission, energy policy, 
renewable energy, policy, governance, consumption, performance, 
green recovery 

Transitioning to 
Sustainable 
Energy 
Governance 

C3 
(22 
items) 

impact, air pollution, climate, lockdown, air quality, urban, city, 
aerosols, pm2.5, transport 

Urban Air 
Quality 

C4 
(21 
items) 

sars-cov-2, health, temperature, transmission, disease, public 
health, influenza, biodiversity, virus, epidemic 

Viral 
transmission 

C5 
(17 
items) 

management, framework, uncertainty, system, innovation, 
challenges, technology, china, design, circular economy 

Future Economic 
Management 
Challenges 

C6 
(3 
items) 

agriculture, food security, variability Agriculture and 
Food Variability 
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Lessons Learned from COVID-19 Crisis Response (RQ3) 

“Never waste a good crisis” is the main lesson we learned from our study. Humanity 
is facing two interconnected crises, as revealed by examining scientific literature 
across various themes. The “Cluster 4” section of the literature investigates climate 
change as an environmental factor that has an impact on the spread of the (corona) 
virus. However, although warmer climates tend to slow the spread of viruses, major 
infection rates have been observed in warm countries like Singapore (Ching and 
Kajino 2020). Rising temperatures and deforestation also increase disease vectors, 
potentially leading to the next global pandemic (van der Ven and Sun 2021). The liter-
ature’s “Cluster 2” and “Cluster 3” sections explore the pandemic’s environmental 
effects, such as air quality improvement, record-low greenhouse gas emissions, and 
a digitalization boost (Cheval et al. 2020) and how lockdowns have reduced green-
house gas emissions in the world’s top three emitters (Perkins et al. 2021). Though 
the benefits of these measures in developed countries should be viewed as pandemic-
driven initiatives’ side effects, not as a “victory for the climate,” due to the measures’ 
economic impact and disruption of the renewable energy industry’s supply chain 
(Ibn-Mohammed et al. 2021; Sovacool et al. 2020). According to Yoshino et al. 
(2021), the post-COVID-19 economic fallout will result in a reduced investment rate 
toward the 2030 Agenda for Sustainable Development. Hepburn et al. (2020) identi-
fied that only 4% of green policies were implemented in G20 rescue-phase packages. 
“Cluster 5” and “Cluster 6” discuss the challenges and issues following COVID-19 
and the climate crisis. 

With the foregoing in mind, to answer RQ3 we turned our focus to the “Cluster 
1” section of the literature to try to uncover the parallels and contrasts between the 
pandemic and climate crises in order to draw lessons from the former to address the 
latter more effectively. 

Connecting the Dots Between the Two Crises 

The COVID-19 crisis has highlighted our vulnerability to global risks such as a 
pandemic or climate change, underscoring the need for planning and preparation 
(Howarth et al. 2020). Botzen et al. (2021) even suggest that the COVID-19 crisis 
could be viewed as “a rapid learning experiment about how to cope with climate 
change,” given that it demonstrated that changes in lifestyle are feasible and that 
a slow response to planet-scale threats can have massive health and economic 
consequences. 

On the other hand, the pandemic has also revealed a concerning rise in science 
skepticism or denial, particularly regarding climate change and vaccination, both 
of which are subjects of heated debate (Rutjens et al., 2021). Although the attitudes 
surrounding these issues do not have the same roots, they are both linked to conspiracy 
thinking. Bessi et al.’s (2015) Facebook study found that conspiracy news is three 
times more likely to be liked and shared by users than scientific information.
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Therefore, in today’s globalized and interconnected society, a disease outbreak is 
remarkably similar to a large-scale emergency such as climate change in the following 
ways: 

Counter-Intuitive Processes 

The pandemic crisis has a broad temporal and spatial range. Since people are not 
always prone to react to longer-term or remote threats, early warnings of coron-
aviruses’ possible outbreaks (Cheng et al. 2007; Ng and Tan 2017) were ignored, 
and reactions to the early COVID-19 cases were hushed or downplayed, resulting in 
a planet-wide pandemic (Manzanedo and Manning 2020). 

Similarly, despite its increasingly visible impact and scientific calls for action, 
Moser (2010) identifies a number of challenges inherent in the nature of climate 
change that is partially responsible for the muted response, including the lack of 
visibility, as well as the temporally and geographically distant impact between cause 
and effect. This can be attributed to the “availability” behavioral bias, which refers to 
the individuals’ willingness to respond to a possible threat only after it has happened 
in their local environment (Botzen et al. 2021). 

Point of Irreversible Change 

Complex systems, such as the climate or the spread of infectious disease, have tipping 
points where the systems can abruptly and irreversibly shift (Fan et al. 2021). In the 
case of COVID-19, controlling it once it has reached a certain level of abundance 
within a population becomes extremely difficult since the ongoing spread is exponen-
tial (Manzanedo and Manning 2020). Regarding climate, the scientific community 
agrees that crossing certain thresholds, such as global warming of 1,5 °C, can cause 
abrupt and irreversible effects on biodiversity (Fuentes et al. 2020; IPCC  2014; Trisos 
et al. 2020). That approach can lead individuals, due to inherent biases, to oversim-
plify the full risk of a probable disaster when that threshold is not reached. In the case 
of COVID-19, for example, people may misunderstand the concept of exponential 
spread, whereas in the climate crisis, they may oversimplify the concept of nonlinear 
climate dynamics (Botzen et al. 2021). 

Heterogeneous Impacts & Inequitable Effects 

The climate crisis, like the COVID-19 crisis, is an issue whose underlying causal 
mechanisms and ramifications cross borders, with consequences felt far beyond the 
source of the problem. However, despite the fact that such crises have a global impact, 
they disproportionately affect low-income communities (Oldekop et al. 2020). 

Climate change and pandemic crises do not affect all social groups equally, in 
terms of geography and social factors. Lockdowns, rising unemployment, and access
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to medical care disproportionately affect low-income people. While global temper-
atures may rise consistently across the majority of the globe, changes in precipita-
tion, extreme events, and sea level rise will fluctuate geographically and over time, 
resulting in local, regional, and societal emergencies (Manzanedo and Manning 2020; 
Heyd 2021; Mattar et al. 2021). 

It is Expensive to Wait 

When one compares the public health situation between nations that reacted quickly 
and those that responded after a considerable percentage of the population had been 
infected with COVID-19, it is clear that waiting has a fatal cost: In the early phases 
of the epidemic, a single day of lockdown delay raised the number of cumulative 
cases by 40%, according to estimates. Respectively, a meta-analysis of 16 studies on 
mitigation policies shows that delaying climate action by 10 years increases the cost 
of later climate action by 37% (Klenert et al. 2020). 

Even if strong climate action, like reducing greenhouse gas emissions, is only 
done for a few decades, it could give ecosystems the time they need to adapt, which 
would lessen the severity of the ecological effects (Trisos et al. 2020). 

Spotting the Differences Between the Two Crises 

Apart from the commonalities, pandemics and climate crises have distinct char-
acteristics. Their fundamental difference is that COVID-19 pandemic is a health 
crisis, while the climate crisis is an environmental one. Focusing on their differ-
ences, Gemenne and Depoux (2020) even suggest that we should stop describing 
climate change as a crisis because of its irreversibility. Assessing how it affected UN 
biodiversity and climate conferences, Ortiz et al. (2021) consider COVID-19 to be 
the proverbial “tip of the iceberg,” since the loss of biodiversity and the effects of 
climate change will overshadow this problem. Recognizing and understanding the 
differences between these two crises are crucial to the effective mitigation of their 
results. 

Temporal and Spatial Ranges 

In terms of space and time, humans have a limited range of perception. That 
results in an important distinction between climate and pandemic crises; the impacts 
of the former are less immediately visible than those of the latter. Quantifying 
climate change is more abstract and indirect (e.g., temperature increase, CO2 levels) 
compared to quantifying COVID-19 (number of cases or deaths) (Bouman et al. 
2021). 

The virus affects human populations more rapidly than climate change, which has 
slower and less noticeable effects (rapid increases in sickness and mortality). The
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fast and visible effects of the pandemic create a greater sense of urgency than the 
slower and less noticeable impacts of climate change, which can make it harder to 
connect causes and consequences and result in a lower sense of urgency (Heyd 2021). 
Therefore, because of its very nature, COVID-19 is a hazard for us now, but climate 
change is not a temporary crisis. This results in different mitigation measures that are 
perceived and accepted differently by the public. It is easier to conform to temporary 
measures, like lockdowns or travel restrictions than to implement permanent lifestyle 
changes in order to live more sustainably (Fuentes et al. 2020; Gemenne and Depoux 
2020). 

In addition, factors such as the popularity of “tipping point” rhetoric (which has 
its own merits and advantages concerning climate change discussion) (van der Hel 
et al. 2018) and the time gap between emissions and their consequences for climate 
change inaccurately portray climate change as a future issue. COVID-19, on the other 
hand, compressed space and time “in an instant,” making the world a hazardous place 
(Leal-Filho et al. 2020). 

Effectiveness of Individual Action 

Mitigation of COVID-19 is very much dependent on individual action (such as social 
distancing) and individual sense of responsibility (e.g., not transmitting the virus 
to others). That is not the case for the climate crisis, where changing individuals’ 
habits—no matter how important—has less impact (Howarth et al. 2020; Bouman 
et al. 2021). While the impacts of climate change are already being felt by the current 
generation, they will be even more pronounced for future generations. In contrast, 
COVID-19 is a threat we are currently facing (Gemenne and Depoux 2020). As a 
result, individuals may feel their contribution is inconsequential, or they may decide 
to leave the problem for future generations to resolve (Loureiro and Allo 2021). 

Who is to Blame? 

The role of political leadership in dealing with crises is critical. During the pandemic, 
several politicians blamed the virus’s spread on “the Chinese,” “irresponsible young 
people,” and so on. Others tried to shift the blame to “unpredictability.“ The same 
rhetoric is frequently employed in the aftermath of climate change-related extreme 
weather occurrences (Prideaux et al. 2020). 

Actually, in the case of COVID-19, there is no specific person to blame. Whereas 
everyone in a carbon-dependent fossil fuel society is responsible for climate change 
to differing extents (Lidskog et al. 2020).
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Discussion 

Lessons for Climate Crisis Through the Lens of the Pandemic 

The pandemic has brought to light basic flaws in the global socio-economic system, 
illuminating the ways in which the predominance of poverty, inadequate health care 
systems, unequal educational opportunities, and a lack of global collaboration have 
contributed to the worsening of the issue (Fenner and Cernev 2021). 

Here, we present a (by no means comprehensive) list of the lessons that COVID-
19’s “learning experiment” can teach us about tackling the climate crisis. 

Importance of Effective Communication 

The pandemic took over public discourse. Some researchers associate the dispropor-
tionate media coverage with the theory of a “finite pool of worry” or “worry budget,” 
according to which people’s emotional capacity is limited, so they prioritize their 
worry according to which crisis is imminent (Bostrom et al. 2020; Botzen et al. 
2021). On the other hand, as we examined in RQ1, academic and public concern (in 
some cases of developed countries) about climate change has not decreased during 
the pandemic. That suggests that some audiences may be in a state of awareness, 
acceptance of the emergency, and preparedness to respond (Mocatta and Hawley 
2020). 

One of the most common causes of crisis communication failure is panic. It 
can be caused by high levels of uncertainty surrounding an unknown threat, leaders’ 
failure to focus people’s concerns on specific actions, rumors, and inconsistent public 
messages (Ruiu 2020). 

According to Lipscy (2020), uncertainty concerning the likelihood of a crisis 
occurring is especially high before such a crisis happens. That limits the likelihood 
that preventive measures will be implemented. To put it bluntly, officials prefer being 
credited by voters for dealing with an immediate emergency rather than implementing 
preventative measures for a crisis that may or may not occur during their lifetimes. 

Uncertainty about an unknown threat should be communicated with both political 
and scientific cohesion (Ruiu 2020) and the information provided should be clear and 
straightforward, taking into mind the background of the audience (Sovacool et al. 
2020). Bouman et al. (2021) partly associate the public’s response to crises with 
the concept of personal norms (an individual’s sense of responsibility or morality) 
and propose strengthening the intrinsic motives of the individuals rather than using 
external motivation (such as threatening rhetoric). For that to be achieved, Bouman 
et al. (2021) suggest a. communicating to the public in a simplified manner the 
relationship between actions and effects within a complex system such as the envi-
ronment, b. making it relatable to the individual’s experience, and c. strengthening 
the feeling of belonging to a community with similar goals. Because individual action
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is insufficient, government and private sector actors should act in tandem with the 
above. 

Large-Scale Change is Possible 

The pandemic served as a catalyst for increased hostility between nations as they 
competed for limited resources such as masks, vaccines, and ventilators, to mention 
a few (Manzanedo and Manning 2020; Fenner and Cernev 2021). The reactions that 
countries have presented to the COVID-19 threat have been very diverse, but they 
have also shown that the international community is capable of making extremely 
significant adjustments if it is sufficiently motivated to do so (Manzanedo and 
Manning 2020; Perkins et al. 2021). 

As previously noted, COVID-19 gained wide coverage via a variety of sources, 
including mass media, social media, posters in various organizations, information 
sessions, and so on. As a result, people’s habits and behaviors changed all over 
the world. According to Sovacool et al. (2020), this can be attributed to a form of 
the “Christmas Effect,” the “Coronavirus Effect,” which involves multiple groups 
of individuals coming together and speaking consistently and frequently in unison 
about the outbreak (much like what happens during Christmas time in parts of Western 
societies). Could the “Climate Crisis Effect” phenomenon be harnessed for long-term 
sustainability? 

A Matter of Priority 

Due to the global scale of both crises, it is essential for world nations to respond to both 
crises in unison: No country can achieve reducing its greenhouse gas emissions on its 
own, whereas COVID-19 cannot be eradicated unless it is eradicated in all countries 
(Fuentes et al. 2020). From an economic point of view, both crises would be more 
effectively addressed if governments prioritized health or ecological well-being over 
“growth imperative”4 (Stuart et al. 2022). 

Pooling international resources and fostering global cooperation is of the utmost 
importance, especially since the pandemic paradigm showed that the nations’ early-
stage response of denialism and isolationism was not enough to tackle the crisis. 
Instead, the resource-sharing and global cooperation that ensued were far more 
effective (Klenert et al. 2020). 

Prevention is Better Than Cure 

A number of studies demonstrate the economic repercussions of international govern-
ments choosing not to undertake steps to mitigate climate change and, instead, opting

4 The "growth imperative" prioritises economic expansion above slow-growth policies. 
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to adapt to its effects (Manzanedo and Manning 2020). The pandemic management 
has prompted Sovacool et al. (2020) to propose active planning on climate crisis 
mitigation by a. providing people with clear instructions on how to minimize their 
carbon footprints immediately, b. investing in clean energy infrastructure and green 
policies, and c. making use of emerging technologies. 

When putting this into practice, we need to remember to distribute the burden 
fairly among everyone involved. When putting this into action, we must remember 
to evenly spread the responsibility among all parties involved. For example, when it 
came to COVID-19 vaccine protection, a smaller percentage of Africa’s population 
was inoculated, whereas wealthier, industrialized nations “hoarded” vaccines (Fatton 
2021). This should work as a cautionary tale, as we should expect of the developed 
world to carry a bigger portion of the responsibility for the reduction of the effects 
of climate change. Firstly, because developed countries are the main contributors to 
global anthropogenic emissions (for the time being) (Ward and Mahowald 2014). 
Secondly, because it is within their technical ability to establish environmentally 
friendly practices toward that purpose (Wahaj et al. 2022). 

Conclusion 

COVID-19 has gone viral in terms of academic and media engagement. However, 
it did not dominate climate-related research. Indeed, at the junction of the two 
crises, new issues have emerged, which the current study attempted to identify: 
crisis response, effective transition strategies, the effects of COVID-19 on climate, 
the influence of climate on viral transmission, as well as foreseeable challenges. 
However, the pandemic dominated mainstream and social media discussions over 
the climate crisis for a time. This could be attributed to the immediacy of the pandemic 
crisis, the recognizability of its effects compared to the repercussions of the climate 
crisis, and the coordinated international responses. 

We found that the two crises share the following features in a literature review: 
They are counter-intuitive, they are defined by a point of irreversible change, and 
rapid action is less expensive than waiting to deal with the issues in the future. They 
also differ in many ways, including the following: They span a wide range of time 
and place, they produce a varied sense of urgency due to their timings and impacts, 
and individual actions have diverse effectiveness. 

Finally, we focused on the lessons that may be applied from one crisis to the next.

• Effective communication can be the catalyst for bringing mankind on board while 
facing a crisis,

• People should feel empowered that we can change since we have already done 
so, and

• National priorities should shift toward policies that ameliorate the problem rather 
than waiting to adapt after the tipping point is crossed.
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Because there is no vaccine for climate change, the purpose of this study is to 
emphasize the need for further research into effective climate change communication 
and contribute to “Flattening the Curve” of climate change. 

Appendix A. VOSViewer Thesaurus File 

covid-19 pandemic pandemic 

coronavirus sars-cov-2 

sars-cov-2 sars-cov-2 

air-pollution air pollution 

climate-change climate change 

air-quality air quality 

covid 19 covid-19 

diseases disease 

impacts impact 

influenza-virus influenza 

pandemics pandemic 

viruses virus 

sars sars-cov-2 

aerosol aerosols 

carbon dioxide co2 

cities city 

covid covid-19 

covid-19 crisis crisis 

disasters disaster 

epidemics epidemic 

greenhouse-gas emissions greenhouse gas emissions 

infectious-diseases infectious diseases 

mental-health mental health 

model models 

pollutants pollution 

public-health public health 

systems system 

transitions transition 

zoonoses zoonosis 

climate changes climate change 

co2 emissions greenhouse gas emissions

(continued)
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(continued)

covid-19 pandemic pandemic

co2 emission greenhouse gas emissions 

emissions greenhouse gas emissions 

risks risk 

technologies technology 

policies policy 

sustainable development sustainability 
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Normalization, Legalization, 
and Equalization: Toward a Sustainable 
and Humane EU Border Policy 

Henk van Houtum and Rodrigo Bueno Lacy 

Abstract In this chapter, we analyze the systemic mismatch between the EU’s self-
aggrandizing promise of sustainable and humane migration policies and the actual 
practices characterizing its border regime. The EU’s discriminatory border regime 
(which we dissect into a pre-border visa regime, the in-situ land and sea borders, and 
the post-border camps) has set in motion a recurrent demarcation of increasingly 
inhumane, unlawful and deadlier borders. We contend that, in its self-proclaimed 
attempt to protect its foundational values through a selectively permeable border 
regime, the EU has triggered an autoimmune disorder that has become the Union’s 
most formidable threat. We conclude by discussing three possible paths out of this 
downward spiral: normalization, legalization and equalization. This, we believe, is 
the urgent turn that the EU needs to take in order to escape this suicidal paradox. 

Keywords EU border regime · Human migration · Sustainable and humane 
border policy 

Introduction 

There is no doubt that the EU subscribes to the UN’s Sustainable Development Goals 
(SDGs) and is formally committed to their realization. Overall, these goals aim at 
ending poverty and inequality as well as at improving health and education around 
the world—while tackling climate change by developing sustainable frameworks to 
preserve our oceans and forests by 2030. The European Commission is unambiguous 
about its support for such lofty objectives: ‘We are committed to implementing the
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Fig. 1 SGD#10: Reduced inequality 

SDGs in all our policies and encourage EU countries to do the same’. In this chapter, 
we take this self-proclaimed commitment seriously by assessing the progress of goal 
number 10—‘Reduce inequality within and among countries’—against the rising 
inequality that migrants around the world experience.1 

Comprised within SGD#10 are the following targets (see Fig. 1)2 : 

10.3 Ensure equal opportunity and reduce inequalities of outcome, including by 
eliminating discriminatory laws, policies and practices and promoting appropriate 
legislation, policies and action in this regard. 
10.7 Facilitate orderly, safe, regular and responsible migration and mobility of 
people, including through the implementation of planned and well-managed 
migration policies. 

We begin by the irrefutable mismatch between official rhetoric and daily practice: 
the gap between the nobility articulated by such objectives and the actual ruthlessness 
of the EU migration policy has become truly distressing.3 Although estimates differ, 
the most meticulous appraisals have counted over 52,000 deaths among the human 
beings who have died trying to reach the EU since the early 90’s—when Schengen 
was progressively incorporated into EU law—and many others have been pushed 
back through beatings, torture, and sexual assault by EU border forces (UNITED 
2023; 111 2023).4 

This sheer horror has turned the EU’s external border into the deadliest on the 
planet—by far (van Houtum 2015; van Houtum and Bueno Lacy 2020a, 2020b; 
IOM 2022). Despite its appalling magnitude, however, even the number of registered

1 https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%202022% 
20refinement_Eng.pdf. 
2 https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%202022% 
20refinement_Eng.pdf. 
3 https://unitedagainstrefugeedeaths.eu 
4 The Fatal Policies of Fortress Europe. 

https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%202022%20refinement_Eng.pdf
https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%202022%20refinement_Eng.pdf
https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%202022%20refinement_Eng.pdf
https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%202022%20refinement_Eng.pdf
https://unitedagainstrefugeedeaths.eu
https://unitedagainstrefugeedeaths.eu/
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deaths is an underestimate, for it is impossible to tell how many more anonymous 
migrants have drowned in the Mediterranean Sea or succumbed along the perilous 
North African routes—or further afield. 

A crucial catalyzer of these fatalities has been the EU-wide trend to criminalize 
humanitarianism. Not only did the EU discontinue ‘Mare Nostrum’—its single most 
successful rescue operation in the Mediterranean—only one year after its implemen-
tation, but NGOs attempting to save lives at sea have been unscrupulously harassed 
by EU Member States to the absurd excess of being charged with ‘human smug-
gling’ and ‘human trafficking’: a cynically disingenuous policy that seems bound to 
ensure even higher casualties in the Mediterranean—turning it, as the UNHCR has 
described it, into a ‘sea of blood’ (Bueno Lacy and van Houtum 2020). 

At the same time, the violence and death that characterize the experience of 
undocumented migrants trying to make their way to the EU have become such a 
‘normal’ part of current EU border policies, that news about these perilous journeys 
or the mental and bodily devastation they lay waste to hardly make headlines anymore 
(Laurent and O’Grady 2018; AiK 2018; AP 2018; Kemp  2017; Malik 2019; van  
Houtum and Boedeltje 2009; Lucas, Ramsay and Keen 2019; Plenel 2019). This 
overt callousness poses the conundrum that we analyze in this chapter: Why is the 
EU purposefully undermining its own committment ‘to implementing the SDG’s in 
all [its] policies’? 

Although we recognize that the EU is not a homogeneous political entity but a 
complex supranational organization composed of diverse political institutions, cultur-
ally specific member states, antagonistic political parties of all ideological stripes 
and, overall, a wide range of interests, for the purpose of this chapter we evaluate 
the overall effect that the EU’s border regime exerts on its political community as a 
whole. 

We contend that the ongoing violence, dehumanization, and deterrence with which 
undocumented migrants are being ‘welcomed’ are not anomalous practices but inte-
gral to the structure and ideology of EU’s current border policies (Jones 2017; Kriesi  
and Pappas 2015; van Houtum and van Naerssen 2002; van Houtum 2021). To this 
end, we analyze EU’s b/ordering and othering regime through Jacques Derrida’s 
notion of geopolitical autoimmunity, which he defined as the strange behavior by 
which an organization, ‘in quasi-suicidal fashion, “itself” works to destroy its own 
protection, to immunize itself against its “own” immunity’ (Derrida 2003, p. 94). 

We employ the metaphor of ‘autoimmunity’ in full antagonism with the white-
supremacist rhetoric of far-right politicians such as Thierry Baudet, who have 
distorted it to denounce ‘massive immigration’ as the cause of the West’s ‘weak-
ening body’. Instead, we draw on Derrida’s conception of autoimmunity to argue 
the opposite: that the EU’s self-destructiveness is not rooted in its openness to the 
world but in the counterproductive effects of its increasingly closed and xenophobic 
border regime (Bueno Lacy and Van Houtum 2015). Dating back to its inception, 
the EU has been inspired by a nativist principle to develop a network of biopolitical 
filters along its external and internal borders. This architecture has been designed to 
discriminate against migrants from specific countries—not least by endangering and 
criminalizing their mobility. We argue that not only has this border disorder (Bueno
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Lacy and van Houtum 2013) alienated the EU from its self-professed values (i.e., 
the rule of law and universal human rights) but it also has legitimized and normal-
ized nativist authoritarian populists (Boedeltje and van Houtum 2008; van Houtum 
and Bueno Lacy 2017; van Houtum 2021; De Jonge and Gaufman 2022). Thus, 
the autoimmunity that we recognize has its roots inside EUrope and not beyond its 
borders. 

Our analysis breaks down the EU’s border regime in three filtering mechanisms: 
(1) the pre-border of legal entry documents or, as we term it, the paper border; (2)  
the in-situ physical border controls or what we refer to as the iron border; (3) and 
the post-border articulated by the reception and detention camps that keep migrants 
ostracized even after they have entered the EU. We analyze how these three cogwheels 
of the EU’s b/ordering and othering machinery have developed over time by casting 
light on how they have become self-reinforcing engines propelling a self-destructive 
border policy. Finally, we suggest three alternative directions that could take the EU 
out of this suicidal paradox (van Houtum 2010). 

We conclude by stressing the ominous political implication of this EUropean 
border disorder (Bueno Lacy and van Houtum 2013): the harrowing fate of immi-
grants is inextricably linked to the fate of the EU, for their suffering and deaths are 
both symptoms and consequences of an autoimmune reaction that might ultimately 
lead to the EU’s demise. Succinctly put, by driving migrants and their children to 
commit suicide, the EU is opening a black hole that might swallow whole the ethos, 
values and laws on which much of its post-war peace and prosperity have been built. 
Ultimately, the aim of our analysis is to issue a warning: we may be witnessing a 
dangerous authoritarian turn—or even a sEUcide—characterized by the gratuitous 
self-destruction of the post-war project of European integration. A project which was 
founded on principles indistinguishable from the UN’s goals of basic human dignity, 
safety and equality that it increasingly denies to those who need it the most. 

Derrida’s Autoimmunity 

Autoimmunity as tool for the critical analysis of geopolitics is famously associated 
to the deconstructive method developed by Jacques Derrida. To him, autoimmunity 
evoked the backfiring mechanism by which a political hegemon flexes its ‘techno-
socio-political machine’ in order to consolidate its power yet unleashes an unin-
tended reaction that undermines it and eventually threatens the hegemon’s survival. 
Derrida identified a series of symptoms typical to this autoimmune disorder: (1) a 
reflex of power and the reflection it produces; (2) a trauma that envisions an inaus-
picious future—barred any action undertaken to prevent its repetition; (3) invisible 
and anonymous enemy forces that could hardly be pinned down to a particular state, 
cartographical location or physical entity; (4) apocalyptic descriptions of geopolit-
ical events carrying religious undertones and, perhaps more decisively: (5) a double 
incomprehension: a political organization’s inability to grasp the traumatic events to 
which it responds and to realize that what it deems its reasonable responses to them
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only aggravate them (Derrida 2003, p. 90, pp. 97–98). Ultimately, such autoimmunity 
sets in motion a dauntingly counterproductive machinery of self-fulfilling prophecies 
that are fueled not by a specious ‘clash of civilizations’ but instead by what Edward 
Said called ‘a clash of ignorance’ (2001). 

In a famous interview with the philosopher Giovanna Borradori, Derrida resorted 
to a deconstructive analysis of 9/11 to dissect the autoimmune syndrome that he saw 
affecting the US’ global hegemony (Derrida 2003). He called out the asymmetry 
between the US commemoration of 9/11 as an unparalleled historical tragedy and 
the far more atrocious violence orchestrated by the United States around the globe, 
which was unleashed many times before 9/11 and has been reoccurring many times 
afterward without arousing a comparable amount of either media epitaphs or political 
lamentations. Whereas 9/11 enjoys the privilege of arousing pathos in both Europe 
and the United States, comparable massacres beyond their territories and perpetrated 
by their own armies do not cause such an intense upheaval in either their media 
or public opinion (e.g., Vietnam, Chile, Guatemala, Cambodia, Rwanda, Palestine, 
Iraq, Afghanistan, Yemen, Congo and so on) (Derrida 2003, p. 92). 

The Autoimmune Borders of the EU 

In what follows, we deploy Derrida’s notion of autoimmunity to analyze the b/ 
ordering and othering policies that the EU has developed as a response to undocu-
mented migration (van Houtum and van Naerssen 2002). To this end, we dissect the 
EU’s b/ordering response into three immunizing borders, each characterized by a 
different materiality and function: the pre-border (i.e., the ‘paper border’), the in-situ 
border (i.e., the ‘iron border’) and the post-border (i.e., the ‘camp border’). 

The Pre-Border: The EU’s Paper Border 

Arguably, one of the most significant landmarks in the recent history of EU’s b/ 
ordering and othering policy (van Houtum and van Naerssen 2002; van Houtum 2021) 
has been the creation of a common external border—what we call ‘the paper border’. 
The common paper b/ordering of the EU dates back to the Schengen Agreement of 
1985, which envisioned the gradual abolition of internal checks in exchange for the 
establishment of strict border controls along the EU’s external borders—a decision 
that implied merging Member States’ border controls under a joint command. This 
agreement was further refined by the Dublin Convention of 1990, which harmonized 
the EU’s asylum procedures later enshrined in the Maastricht Treaty of 1992. The 
Schengen area was effectively established in 1995 (and later incorporated into EU 
law by the Treaty of Amsterdam that came into effect in 1999). The Schengen Infor-
mation System (SIS) and Visa Information System (VIS)—implemented in 2006
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and 2011, respectively—that derived from these agreements constitute the funda-
mental architecture of the EU’s common external border surveillance system, which 
is designed to filter out global border crossers lacking the traveling papers required 
by the Schengen Agreement. 

With the demarcation of this paper bordering (van Houtum and van Naerssen 
2002; van Houtum 2021), the EU, a supranational organization, began to mimic the 
nation-state’s anachronistic political myth: it legalized—and thereby normalized— 
the apocryphal synonymousness between ‘EU citizens’ and ‘Europeans’ (Slootweg 
et al. 2019). This geo-ideological caging carved up a fracture between the EU and 
the much broader historical idea of Europe, which is anchored along the whole 
Mediterranean basin and, as consequence of imperialism, colonial legacies and tran-
sculturation, resonates with varying intensity across the world (Bueno Lacy and van 
Houtum 2015). The understanding of a neatly-demarcated ‘Europe’ coinciding with 
the current political boundaries of the EU is unprecedented: Europe has always been 
a geographically undetermined idea and it has never been either a congruent polit-
ical organization or a demos (Delanty 1996); nor has the European continent ever 
been severed from its contiguous Mediterranean geographies by such sharp borders 
(Braudel 1995, 2002). Yet, since the signing of the Schengen Agreement in 1985, the 
EU has been gradually fortifying itself by turning the Mediterranean into its moat. 

This abduction of Europe by the EU has been progressively reified through a 
conscious ordering (van Houtum and van Naerssen 2002; van Houtum 2021) brought 
about by the distinct process of EUropeanization. This identitary strategy has incul-
cated a synonymization between the EU—a political project dating back to 1951— 
and a European heritage that could be traced as far back as to the Kurgan civilization 
in the 4th millenium BC (Gimbutas 1985)—or whenever a historian might decide 
these origins lie, for such considerations are unavoidably political decisions too 
(Foucault 1971; Southgate 2011). Such EUropeanization has been characterized by 
the manufacture of maps, coins, symbols, narratives and accompanying geopolit-
ical practices that have attempted to shoe-horn European history and culture into 
the current borders and geopolitical concerns of the EU (Boedeltje and van Houtum 
2008; Bueno Lacy and van Houtum 2015). As membership to the EU has become 
equated with a historical belonging to Europe, EUropeanization has cultivated a tacit 
imagination of neighboring countries as lacking an intrinsic Europeanness—i.e., a 
geopolitically constructed othering process (van Houtum and van Naerssen 2002; 
van Houtum 2021). 

A prime example of this geopolitical otherization took place in 1987, when the 
European Economic Community (EEC)—the immediate predecessor of the EU— 
received a membership application from Morocco which it immediately rejected 
arguing Morocco’s lack of Europeanness. By codifying contingent geopolitical prej-
udice into law, the EEC prevented a North African country from meeting the basic 
eligibility criteria to be considered part of a geography of which it has nonetheless 
been part since, at least, the Graeco-Roman Antiquity which the EU itself considers 
the cradle of its civilization. It is worth noticing that this reasoning amounted to 
more than an innocent incursion into basic physical geography: with this decision, 
the EEC implicitly asserted itself as the institutionalized embodiment of European
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civilization and, as such, it claimed its prerogative to legally define and confer, in a 
discretionary manner, its arbitrary acknowledgment of Europeanness. Such an exer-
cise in what could perhaps be termed ‘grand geopolitical anachronism’ repeated itself 
in 2004, when the EU demarcated the Bosporus as yet another clear-cut boundary 
of Europe by indefinitely delaying Turkey’s accession (pending since 1987, which 
makes Turkey the only candidate to which EU membership has been promised yet 
never granted). 

Through these legal, territorial and discursive reifications of its narrow idea of 
Europe, the EU has suggested that it regards the borders of European culture as 
roughly coinciding with those of a Christian—or, at least, of an essentially non-
Muslim—European civilization. These geopolitics have allowed the present to invent 
the past by b/ordering EUropeanness in a way that consciously leaves out large 
swathes of land whose people, cultures and heritage have played a critical role in 
the making of what the EU itself glorifies as quintessential European culture: North 
Africa, Asia Minor, Russia and also the scattered worldwide geographies with which 
Europeans share so much transculturation and vice versa. 

We contend that a troubling consequence of carving up this hard external border— 
on which the EU’s invention of Europe is predicated—has been the resurrection 
of traumatic prejudices about Europe’s others: the non-Europeans who have been 
traditionally imagined as backward, violence-prone and overall inferior intruders 
(Vitkus 1997; Davidson  1980: 24–25). Although such civilizational threat is mostly 
confined to sensationalized accounts or downright fabrications magnified by murkily 
manipulated media (Juhász and Szicherle 2017; Horaczek 2019), the invisibility and 
anonymity inherent to such non-existent boogeymen have made their signifiers— 
i.e., the flesh-and-bone human beings immigrating to the EU—look like legitimate 
targets of ever more vicious social demonization and thus of state surveillance and 
brutal repression (Fekete 2022). 

The striking culmination of this paper b/ordering regime was the common 
Schengen list of visa-required countries introduced in 2001. This significant—yet 
still remarkably under-researched—‘black and white list’ (later re-branded as the 
‘negative and positive list’) makes a sharp distinction between countries whose citi-
zens require a visa to enter the EU—largely Muslim, African and overall less affluent 
countries—and those exempted from it—largely OECD members as well as a few 
countries in South America and Asia (Mau et al. 2015; Neumayer 2006; Salter 2003, 
2006; van Houtum 2010; van Houtum and Lucassen 2016, van Houtum and van 
Uden, 2021; van Houtum, 2021; see Fig. 2).

This list is based on nativist discrimination—a principle that is forbidden by law 
in all Member States of the EU and which runs against the EU’s own Copenhagen 
criteria and Lisbon Treaty. This global apartheid has, in effect, almost entirely closed 
off all legal migration channels to the EU for the large majority of the world (van 
Houtum 2010; van Houtum and van Uden 2021). The legalization of such discrimi-
nation and prejudice has nurtured a selective dehumanization of refugees, which is a 
vivid illustration of what has been termed borderism: the discriminatory politics of 
spatial segregation that essentialize—and politicize—the value of human beings on



272 H. van Houtum and R. B. Lacy

Fig. 2 The paper fortress of the EU (Source https://commons.wikimedia.org/wiki/File:Schengen_ 
visa_requirements.png)

the basis of the bordered (id)entity they are born into, reside in, travel from or are 
associated with (van Houtum 2021). 

This pre-border divides EUropeans from non-EUropeans on the basis of arbi-
trary geographical discrimination even before the actual fences, border guards, and 
detention camps are even able to exert their own b/ordering constraints (Bueno Lacy 
and van Houtum 2022). Moreover, such pre-border policies have outsourced the 
EU’s border control to governmental offices far away from the EU’s actual border 
(Bialasiewicz 2012a). Thus, this paper border should not be conceived as a line on 
a map dividing one country from another but as a techno-political mechanism of 
global reach meant to b/order the EU at remote control (Zaiotti 2016). Rather than 
guards with guns, this first border of the EU is staffed by bureaucrats entrenched 
in faraway embassies and armed to the teeth with unobtainable stamps and impen-
etrable forms. This political technology, which could be termed tele-bordering, is 
employed to blacklist entire nations—barred few exceptions such as the wealthy, 
who can afford golden passports (Carrera 2014; van Houtum and van Uden 2021); 
Russian and US oligarchs (Collins 2022); as well as the families of tyrants and other 
kleptocrats the world round who have made EUrope their home (Ragget 2020). This 
means that, in practice, most of the citizens of these blacklisted countries cannot 
acquire visas to legally travel to the EU—a reality subverted by an unscientific far-
right discourse that insists on portraying undocumented migrants as ‘tsunamis’ of

https://commons.wikimedia.org/wiki/File:Schengen_visa_requirements.png
https://commons.wikimedia.org/wiki/File:Schengen_visa_requirements.png
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willful law-breakers. The implication is that the paper border of the EU keeps people 
remotely caged in the inequitable lottery of birth (see Rawls 1971, pp. 118–123; van 
Houtum and van Uden 2021). 

The result of this tele-bordering has been as counterproductive as it has been 
grim (Miller 2019), for a first suicidal paradox inherent to the EU’s paper fortress 
is captured by the following Escher-like tragedy: even if someone is fleeing life-
threatening circumstances or an oppressive regime, they can rarely get a visa for the 
EU precisely because they stem from countries whose disrepute, ironically, the EU 
extrapolates to the individual character of those who denounce it with their exodus. 
By refusing potential refugees the possibility to obtain legal entry to its territory, 
the EU’s paper fortress punishes the victims of unenviable fate for being born in the 
wrong place and for the all-too-human inclination to leave behind political perse-
cution, generalized violence, economic despair, or natural disaster. This constitutes 
both a violation of international refugee law as well as a factual rejection of both 
the humanist ethos and legal custom on which the internationally-recognized right 
to ask for another country’s protection has been built. Such custom includes an 
express exhortation to governments for the ‘issue and recognition of travel docu-
ments’, which ‘is necessary to facilitate the movement of refugees, and in particular 
their resettlement’ (UN 1951). 

The repercussion of the EU’s willful non-compliance with such international obli-
gations is that—and this is the second paradox of this paper-border regime—access 
to the EU’s regular asylum system can only be gained irregularly: through smug-
glers and other illicit peddlers. The safe alternative of air travel is also unavailable to 
undocumented migrants because, since 2001, air carriers can be fined for boarding 
passengers lacking the required visa (Directive 2001/51/EC)—a policy that amounts 
to the erection of an effective b/ordering dome over the EU’s airspace. Such paradox-
ical policy welcomes refugees yet illegalizes the channels that would allow them to 
legally and safely travel to the EU, what FitzGerald has described as ‘the Catch-22’ 
of the rich world’s asylum policies (2019). 

By forcing asylum seekers to undertake a reckless odyssey—which criminalizes a 
large portion of the world as well as those who assist undocumented migrants in their 
journeys—the EU has boosted a large-scale smuggling industry that profits from the 
legal void that the EU itself has made sure to enforce. Instead of the humanitarian 
philanthropy which the EU so dishonestly characterizes as the guiding value behind 
its border regime, it is its anti-refugee obsession disguised as an anti-smuggling 
preoccupation that has become the legal framework on which a billion-dollar industry 
of refugee smugglers and border enforcers (e.g., Frontex) has been built (Lyman and 
Smale 2015; Spijkerboer 2018). 

This border industrial complex embodies the third paradox of the paper-border 
regime: the EU has decided—against its own principles and international obliga-
tions—to voluntarily create a border system that guarantees the production of ‘ille-
gality’, corruption, and human insecurity. Ergo, this paper border should be credited 
with turning the routes to seek asylum in the EU—a supposedly safe destination— 
into a sordid and perilous survival of the fittest. Since this is precisely the kind of 
distress that international refugee law is meant to preclude, the so-called migration
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crisis of 2015 in the EU would be better described as a ‘refugee-protection crisis’. 
Scandalously, by erecting such an insurmountable paper border, the EU has advocated 
a politics of death—a necropolitics (Mbembé 2003). 

Seen through Derrida’s conceptualization of autoimmunity, one could argue that 
the reflex of power manifested as the EU’s territorial strategy to protect itself from 
unwanted foreigners through Schengen’s paper b/ordering has been predicated on 
an inexistent apocalyptic threat of invisible and anonymous non-EUropeans—a fear 
ceaselessly stoked by much of the EUropean press and opportunistic politicians, who 
wantonly associate asylum seekers with all sorts of crime and moral decay (Albahari 
2018; Burrell and Hörschelmann 2019; Trilling 2019). Furthermore, the EU has rein-
forced its paper-border regime by waging a facetious ‘war against human trafficking’ 
(Frontex 2022a): a real peril faced by refugees which nonetheless is heightened—not 
diminished—by both the EU’s border regime and Frontex, its callous border enforcer. 
Such a tortured ‘humanitarian’ narrative relies on a cunning misrepresentation of the 
causality between asylum seekers and human smuggling and trafficking (Cuttitta 
2018; Dadusc and Mudu 2020): as though smugglers and traffickers were the cause 
and not the consequence of the EU’s border regime and thus the key symptom of 
its autoimmunity (Bueno Lacy and van Houtum 2020). Such conscious mischarac-
terization inverts the causality between migrants who are forced to travel without 
documents and a EU border regime of militarized coast guards and criminal gangs 
who exploit the legal limbo to which such system dooms them, thus criminalizing the 
most vulnerable of migrants while legitimizing far-right prejudices against them (De 
Genova 2013). By manufacturing such a spectacle, the EU border regime has helped 
to normalize—and popularize—a stream of EUrosceptic and xenophobic political 
movements that are trying to pose as the preservers of Europe’s imagined native 
culture, which they define in terms antithetical to the EU’s ethos yet reminiscent of 
the heyday of European imperialism. 

Overall, such misrepresentation of global mobility has led to a politics of death 
and to the criminalization of solidarity: a fraying rule of law that is being presented 
as the regrettable but unavoidable collateral damage that EUrope has to accept in 
order to preserve the ‘enlightened’ European civilization which the Union itself 
has essentialized (Plenel 2019). What Derrida identifies as autoimmunity’s double 
incomprehension lies in the EU’s inability to grasp the suicidal paradox in which it has 
trapped itself: in a short period—since the Schengen Agreement was signed in 1985— 
the EU’s has triggered a border politics that, in an inexorably self-defeating manner, 
has been attempting to shield EUrope’s humanist heritage from the very universal 
scope that makes such heritage worth of preservation. The result is autoimmune 
border regime that is isolating the EU not only from refugees but also from the 
humanist values that safeguard the fundamental freedoms of its own citizens.



Normalization, Legalization, and Equalization: Toward a Sustainable … 275

The In-Situ Border: The EU’s Iron Border 

The second b/ordering—or immunization—strategy of the EU that we wish to 
address is the construction of all kinds of material deterrences that have been erected 
over time along the external borders of the EU and which we metonymically clas-
sify as the ‘in-situ border’ or ‘iron border’. This border complements the ‘gate at 
a distance’ erected by the paper border with all sorts of terrain-related obstacles 
including towers, walls and barbed wire. 

This violent infrastructure is typically guarded by men and women in uniform who 
are equipped with guns, handcuffs, surveillance vehicles and sophisticated military 
gear. The spatial shape of this iron b/ordering regime is arterial (Vogt 2017; Campos-
Delgado and Coté-Boucher 2022): it is not confined to either the EU’s external 
borders or its Member States’ internal borders but it also encompasses a thinly 
ramified network of border controls extending throughout Schengen territory. Such 
a system comprises on-the-spot passport controls at airports, trains and highways; 
as well as surveillance patrols along the EU’s maritime borders, which are tasked 
with stopping refugees from either reaching the EU or remaining in it (Minca and 
De Rijke 2017; van Houtum 2010). 

In contrast to the remotely controlled legal procedures characterizing the largely 
invisible paper border, a defining aspect of the iron border around—and within—the 
EU’s territory is its visibility to the public eye (Campos-Delgado 2022). It suffices 
to google ‘fences’ and ‘EU’ (or anything of the sort) to come across thousands of 
pictures featuring the heterogenous materiality of the iron border, such as the iconic 
and violently guarded fences separating the African continent from the Spanish 
enclaves of Ceuta and Melilla or the recently built fences along the Hungarian-
Serbian border. The gruesome human-rights abuses characterizing the iron border 
have mushroomed as its infrastructure has expanded along the Belarusian, Ukrainian, 
Croatian and Greek borders, thus turning the EU’s Balkan and eastern routes into 
hallways of horror. There is a growing body of evidence showing that military and 
paramilitary forces have been robbing, beating, torturing, raping and either murdering 
undocumented migrants or leaving them to die all along the external borders of the 
EU (Tondo 2018b; BVMN  2020; Deeb et al. 2021; Mbayé 2022; Kassam 2022; 
Guterres 2022; HRW  2022). This purposeful terrorization of vulnerable populations 
represents neither a mistake nor a rarity but instead a systematic EU strategy to deter 
undocumented migrants from requesting the refugee protection to which they are 
righteously entitled. 

On the basis of this evidence, the iron borders of the EU should be understood as 
a consciously performative power play: a geopolitical spectacle in which the official 
humanist rhetoric serves mainly as a public-relations’ façade intended to conceal the 
callousness of EU’s migration-filtering infrastructure. This border show is intended 
to project safety and security for domestic electoral consumption by displaying an 
intimidating system of migration-deterring barriers which, in turn, is meant to lionize 
the government as being ‘tough’ on unwanted outsiders. The straightforward message 
that this vulgar political theater is meant to convey is that the government is protecting
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its people by keeping a close eye on threatening foreigners as well as a clenched fist to 
thwart their efforts to enter the country by ‘illegal’ means. More than a line of control, 
the iron border constitutes a camera-happy spectacle of a drama pre-scripted by the 
paper border. This performative mise en scène relies on an unwritten but foreseeable 
plot in which barbed wire—which epitomizes the division between EUrope and a 
threatening world of incompatible and undesirable strangers—casts unsuspecting 
migrants into the threatening stereotypes on which xenophobic EUrosceptics feed. 

The iron border’s attention-grabbing visibility intensified with the outbreak of the 
refugee-protection crisis in the summer of 2015. This spectacle included the sensa-
tionalized arrivals of undocumented immigrants disembarking from fragile dinghies, 
trying to climb fences, cutting their way through barbed wire or running away from 
the border police. By comparison: although governments and migration scholars 
estimate that the number of the largely invisible visa-overstayers—who entered the 
EU legally—is at least as large as the number of undocumented migrants, the latter’s 
trespassing of the EU’s outer borders receives far more media attention and is the 
target of much more political aversion. Undoubtedly, what has heightened this sense 
of crisis is the surge of far-right politicians who have relied on such images to frame 
undocumented migration as an invasion and a menace to sovereignty. Ultimately, this 
narrative constitutes the core rationale of the EUropean far-right’s ethno-exclusionary 
demand: an existential threat as justification for merciless borders, i.e., selective 
dehumanization aracist violence. 

The political sway of these border aesthetics should not be underestimated: this 
‘spectacular’ theater of trespassing undocumented migrants has justified the EU’s 
expansion of its own iron border (DeGenova 2017). It is estimated that the EU has 
constructed almost 1,000 km of iron borders in the last two decades—more than six 
times the total length of the Berlin Wall (Ruiz Benedicto and Brunet 2018)—which 
are soon to be equipped with digital surveillance systems at sea and on land. Not 
surprisingly perhaps, although still ironically, the costs of physical border controls 
have gone up at about the same speed—and in a similar proportion—as the turnover 
in the smuggling industry (The Migrants’ Files 2014). 

Since its foundation in 2004, Frontex’s budget has exponentially increased—from 
e6.2 million in 2004 to e754 million in 2022 (Frontex 2022b), thus making it one 
of the best funded agencies in the EU (Grün 2018). Between 2000 and 2014 (one 
year before the refugee-protection crisis), the EU spent almost e13 billion on border 
control: a number that bulged to e19.7 billion for the 2014–2020 budget cycle and 
which has swollen to e43.9 billion for the current period (2021–2027) (Jones et al. 
2022). This zeal for border militarization has conferred the EU the dishonorable 
distinction of having one of the costliest border regimes on the planet. One thing 
should be clear: as long as the EU’s visa-based paper border keeps working as the 
main manufacturer of irregular migrants, we should expect the iron border and its 
costs to keep rising accordingly. 

In order to understand the significance of this bulging border budget and the 
geopolitics of the EU’s iron fence, one should look at the reach of its arteries beyond 
the European continent. The EU has struck a growing number of bilateral deals with 
neighboring and faraway dictatorships to which it is outsourcing its border controls
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so that it can stop undocumented migrants with the help of faraway henchmen who 
are not shy to employ atrocious violencewhile exculpating the EU from any responsi-
bility. This means that the EU is incorporating contiguous and distant autocracies into 
its border regime by hiring them as its de facto immigration enforcers in exchange 
for large sums of money—thereby raising the costs of external border controls and 
boosting the border security industry even further. This neo-colonial outsourcing of 
migration control to poorer countries, warlords and dictators is factually stretching the 
EU’s own iron border far beyond its EU’s physical boundaries (Lahav 1998; Lavenex 
2006; Rijpma and Cremona 2007; Levy  2010; Ferrer-Gallardo and van Houtum 2014; 
Zaiotti 2016; Carrera et al. 2018). Such geopolitical machinations betray the same 
kind of ‘dictator-empowering’-policy that the EU decried as shameful back in 2010, 
when Berlusconi and Gaddafi struck a deal that committed Libya to stopping migrants 
in return for money (Bialasiewicz 2012a). 

Today, the EU pact with Libya has given rise to a full-fledged slave market run by 
cold-blooded human traffickers who, incentivized by the EU’s crackdown on irregular 
migration and the resulting business downturn of would-be profitable passengers, 
are now auctioning refugees as slaves (Asongu and Kodila-Tedika 2018). How times 
have changed: only one self-manufactured ‘refugee crisis’ later, the EU is striking 
collaborations with downright tyrannies—such as Rwanda, Egypt, Morocco, Sudan 
and Tunisia (Jakob and Schlindwein 2019)—by means of outright bribes (Verhofstadt 
2015). 

The infamous deal between the EU and Erdogan’s despotic administration is a 
prime case in point: since 2016, Turkey has been cutting short the journeys of asylum 
seekers traveling to the EU in return for e6 billion and the conditional promise of 
visa-free access for its citizens (DW 2021). Although the official EU narrative is 
that such contribution is intended to support the humanitarian reception of asylum 
seekers in Turkey, it is evident that the same aid could also be provided by EU 
Member States within their jurisdictions, a fact that reveals the policy’s true purpose: 
preventing refugees from setting foot into EU territory. Incontrovertibly, the EU’s 
magnanimous embrace of over 5 million Ukrainian refugees—the self-constructed 
‘good’ or ‘deserving’ migrants who ‘look like us’—has unmasked the insincerity of 
such narrative (Bueno Lacy and van Houtum 2022). 

The autoimmunization of this ‘iron’ b/ordering strategy is reflected in the incon-
gruence between the EU’s desire to gain more control over its borders in order 
to safeguard its democracy, human rights, rule of law, and diplomatic power of 
attraction, on the one hand; and its pursuit of such honorable objectives through 
the recruitment of autocratic and unsafe neighboring countries, on the other. By 
outsourcing its border policies to smugglers and repressive regimes with the aim of 
tightening its grip on migration, the EU is, incomprehensibly: (1) losing control over 
its expanding, shadowy and ever more distant physical border, thus undermining 
its own sovereignty and making itself liable to blackmail while becoming morally 
complicit in the exploitation of refugees by pitiless regimes elsewhere; (2) widening 
the global mobility divide by fostering human misery, criminal economic activities 
and political instability in its periphery, which in turn is nurturing the desire to migrate 
among its neighboring populations; (3) hollowing out the EU’s core values and



278 H. van Houtum and R. B. Lacy

Fig. 3 The vicious cycle of EU’s autoimmune b/ordering regime (Source authors) 

contributing to legitimize the discourse on which authoritarian EUrosceptic populists 
draw their strength (van Houtum and Bueno Lacy 2017). The result is a narrow tunnel 
vision that keeps the EU obsessed with stopping undocumented migrants at all costs, 
even though the sensationalized chaos and manufactured ‘insecuritization’ at its 
borders are undermining solidarity with refugees while strengthening the hand of 
EUrosceptics—who exploit the threat inherent to the aesthetics of the iron border to 
push their demands for even higher walls and an ever more vicious border regime 
(see Fig. 3). 

The Post-Border: The Camp 

The third immunizing b/ordering pillar of the EU’s border architecture that we iden-
tify is the post-border, aka ‘the refugee camp’. Undocumented migrants who have the 
fortune to make it across the paper and iron borders must endure yet another proce-
dure of exclusion, which takes the shape of concentrated segregation in reception
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and detention camps strewn along the EU’s external and internal borders (Agamben 
1998). Migrants have to wait in such secluded reception until their case is ‘processed’, 
a hostile policy that coincides with what Derrida called ‘hostipitality’ (2000): a port-
manteau of hostility and hospitality formulated as a critique on the enslaving inclina-
tions inherent to Christian charity—and an appeal to solidarity instead. Like the iron 
border, the hostile hospitality of EUrope’s refugee camps abnormalizes and excep-
tionalizes migrants in space, society, and representation in the hope to discourage 
them from seeking the EU’s protection. 

These camps correspond to what Vaughan-Williams described as ‘zoo-like spaces’ 
(2015): refugees are caged yet ceaselessly exposed to the inquisitive eye of either 
cameras or the intimacy-depriving layouts that characterize refugee- reception and 
detention camps. Such unnecessary exposure amounts to a spatial confirmation of 
their social undesirability as well as to a forced animal-like performance that, we 
argue, contributes to stoke the already prevalent disdain—or plain fear—for racial-
ized refugees in the EU. Furthermore, the segregation and maltreatment of people 
who share a bodily resemblance or cultural affinity with already-discriminated ethnic 
minorities in EUropean societies send an ominous message to the EU’s diasporic 
citizens: it tells them that the fundamental rights which the EU allegedly guarantees 
do not fully apply to people who look like them. By legitimizing such discrimina-
tion, the immunization of the border camp fails to ensure the very rule of law it 
is designed to safeguard. Instead, it ends up emboldening authoritarian leaders and 
political movements inside the EU who have signaled their preference to employ 
similarly discriminating practices against easily identifiable minorities with scant 
political representation (van Houtum and Bueno Lacy 2017). 

Although refugee camps have elicited a barrage of critique due to their recurrent 
human-rights violations, Camp Moria in Lesbos being the most emblematic due to 
its dreadful conditions (McElvaney 2018; Minca 2005), the preventable suffering of 
their inmates has nevertheless become a normalized policy across the EU. 

We cannot stress this vicious border cycle enough: by creating a hostile environ-
ment for undocumented migrants, the EU is nodding to rapacious ethno-nationalists 
who see in the Union’s lawless border violence a blueprint to employ the state’s 
apparatus and legitimacy to trample upon the fundamental rights of their opponents 
(i.e., racialized national minorities, traditionally oppressed sexual minorities, liber-
ated women, communitarians, environmental activists, unions, etc.). No wonder the 
far-right has become the EU’s dominating political force (Mudde 2019b): the brutal 
EU’s b/ordering regime has been manufacturing a theater in which undocumented 
migrants are forced to play the role of dangerous hordes while vicious border police 
forces are cast into the role of civilization’s bulwark against barbarism. 

Certainly, there are Europeans willing to rescue refugees from the claws of the sea 
or help them find their way into EUropean societies. However, their humanitarian 
deeds are largely offset by border tactics that ensure the failure of undocumented 
migrants to integrate before they even get a chance to find a foothold in the EU. 
Such tactics involve warehousing migrants of blacklisted countries under inhumane 
conditions while making them dependent on aid for both their livelihood and freedom. 
This amounts, in Derrida’s terms, to an incomprehensible deterrence politics that
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is detrimental for undocumented migrants as well as for cohesion across the EU 
(Fernández 2014; Kingsley 2018; Leape 2018; Smith 2018). 

As though the social animosity that such policies are carving along racial lines 
was not volatile enough, states like Hungary, Poland and Slovakia have compounded 
such ethnocentrism with religious intolerance by expressly stating their willingness 
to host only Christian refugees (Bastide 1968; Cienski 2017; Reuters 2015). As 
though the EU was not hemorhaging solidarity in all directions, the EU’s expecta-
tions for Greece to manage a disproportionate number of asylum arrivals after the 
austerity-fueled misery that the European Commission together with the European 
Central Bank and the IMF imposed on it begs belief: It looks as though the EU were 
running a stress test designed to find its own point of breakage. Ultimately, these 
self-defeating processes betray a blind incomprehension that characterizes what the 
EU’s autoimmune disorder looks like to us: as though the EU were pursuing a border 
strategy bound to nurture resentment against itself and undocumented migrants alike. 

Given the cold shoulder that EU Member States and institutions showed Greece 
when it needed their solidarity the most, the country does not seem very receptive 
to the EU’s calls to improve the inhumane conditions in which it keeps the detained 
migrants languishing on its Mediterranean islands. Unsurprisingly, Greece has been 
accused of misusing EU funds meant for the critically overcrowded and underfunded 
refugee camps in its Aegean islands (Howden and Fotiadis 2017), while its far-
right government has indulged in the senseless destruction of extraordinary refugee-
support networks like Exarcheia and introduced laws to deport thousands of asylum 
seekers without concern for their rights under international refugee law (King and 
Manoussaki-Adamopoulou 2019; Smith 2018, 2019). Greece’s animosity toward the 
EU—and undocumented migrants—is critical to understand how this excruciating 
autoimmune cycle is being fueled by the mutual reinforcement between the Union’s 
internal austerity policies and its external border regime: by defaulting on its asylum 
obligations, the EU is simultaneously degrading its larger promise to the EUropean 
population, namely that of a political community guided by the rule of law and 
solidarity. 

It is worthwhile to reflect on a particular question that Derrida posed in his decon-
struction of geopolitical autoimmunity: ‘Can’t “letting die”, “not wanting to know 
that one is letting others die”—hundreds of millions of human beings, from hunger, 
AIDS, lack of medical treatment and so on—also be part of a “more or less” conscious 
and deliberate terrorist strategy’? (Derrida 2003, p. 108). Derrida’s reflection poses 
a harrowing question for the EU’s border regime: is it less cruel because it repels 
potential refugees at a distance by preventing them from even legally applying to 
migrate to the EU in the first place? Is it less violent because it premeditatedly builds 
hurdles that preclude asylum seekers from safely entering the EU and purposefully 
creates ever more inhumane hosting conditions once they have reached what they 
imagined would be a safe territory? 

Perhaps, by pushing undocumented migrants—many of whom have been 
displaced against their will—seeking the EU’s protection into a hopelessness so 
intolerable that an alarming number of children in refugee camps have chosen to
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take their own lives (Tondo 2018a), the suicidal autoimmunity of the EU’s b/ordering 
strategy is coming to an abhorrent full circle. 

Toward a Sustainable and Humane Border Policy 

‘For the first time in 30 years, I really believe that the European project can fail’ 
(Lefranc 2016). This alarming message came from no less than the vice president of 
the European Commission, Frans Timmermans, who believes that the ‘refugee crisis’ 
of 2015 strained solidarity across the EU to the brink of rupture. The continuation of 
this crisis, Timmermans frets, poses an existential threat to the project of EUropean 
integration. 

Employing Derrida’s notion of autoimmunity, we have argued that the EU has been 
cornering itself into a dead end. Not only has it been unable to muster support for a 
comprehensive migration and asylum system across its supranational community— 
although a compromise on an asylum policy that degrades refugee protections seems 
to have been reached as far-right leaders become aligned across the EU (Bautista et al. 
2013)—but also the Union is increasingly taking the self-destructive road toward dirty 
deals with autocracies, and either imprisoning legitimate asylum seekers, or brutally 
pushing them back to countries where they might die or suffer severe harm. 

The politicization of undocumented migration, which itself is the result of the 
EU’s inability to assume its role in the longstanding geopolitical inequality that 
causes it, has been exacerbated by the adoption of extreme policies by establishment 
parties. Under the pretense of ‘normality’, political forces of a self-confessed liberal 
inspiration have copied the far-right’s predatory worldview as a counterproductive 
strategy to stop its rise—or, perhaps, as an understated confession of their ideological 
proximity to it (van Houtum and Bueno Lacy 2017; Mudde 2019a; Kundnani 2023). 
In the bigger picture, since the structural causes that keep pushing people away from 
their countries (e.g., inequality and poverty, financial plundering, armed conflict 
and widespread violence, droughts and agricultural collapse, overfishing and the 
depletion of ancestral fisheries, and overall livelihood-destroying global ecocide, etc.) 
are unlikely to be addressed anytime soon and the worsening effects of climate change 
are surely going to keep magnifying them (Franzen 2019; Nordås and Gleditsch 2007; 
McGuire 2022; Provost and Kennard 2023), the question the EU should be asking 
itself is not whether the next existential crisis will come, but rather when. 

To break this self-defeating political path, the EU urgently needs a drastic revision 
of both its violent b/ordering regime and the essentialist EUropean discourse that 
supports it (Bueno Lacy and Van Houtum 2015; Jones 2017). To this end—and 
as a conclusion—we offer three different paths that the EU could take in order to 
correct course and keep its own promise of ‘committing to implementing the SDGs’: 
normalization, legalization and equalization (van Houtum 2015; van Houtum and 
Lucassen 2016). 

Normalization would require accepting migration as a non-negotiable reality of 
today’s globalizing world, which would represent a first step toward the design of a
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border policy informed by scientific assessments instead of prejudice. The dominant 
pattern of world migration shows that global mobility is still very much the excep-
tion rather than the rule: 97% of the world’s population is not a migrant. Refugees 
represent less than 1% of the world’s population and more than 85% of all refugees 
on the planet are hosted outside the EU—mostly in less affluent countries (de Haas 
2008; UNHCR 2022). Moreover, the EU’s neighboring countries are hosting a higher 
number of refugees than the EU—in absolute and relative terms. Although this does 
not mean that hosting an increasing number of refugees does not represent a diffi-
cult task for EUropean societies, it shows that such a challenge does not warrant 
transferring responsibility to dictatorships. 

The numbers also make clear that the panic-stricken depiction of an ‘invasion’ 
of migrants coming to the EU is not only scientifically unfounded, but also dehu-
manizing and thus contemptible. It is a worrying sign of our times to realize that 
all kinds of phobic metaphors used to refer to undocumented migrants have become 
normalized in the EU over the last decade. Think of the threatening descriptions and 
(cartographic) imaginaries of undocumented migrants conjured up by hydrophobic 
metaphors evoking flows, streams, floods, waves and tsunamis; zoophobic metaphors 
suggesting swarms, flocks, rats, cockroaches and insects; as well as bellicose and 
criminalizing metaphors that bring to mind invasions, armies, illegal and criminal 
activities, hordes, and violent conflict (see van Houtum and Bueno Lacy 2020a, 
2020b). When dehumanization is normalized and unchallenged, untamed extremism 
goes rampant and physical violence becomes ever more likely (Smith 2020). 

Meaningful reform would mean legalization: the creation of legal channels for 
migrants to safely travel to the EU would require its laws to allow for migration’s 
natural circularity (Clemens et al. 2019). This specific policy path would also require 
the EU to get rid of the boogeyman of ‘the economic migrant’ (Althaus 2016; Carling 
2023). Moreover, the fear of economic migrants reveals perhaps one of the biggest 
flaws of Schengen: the criminalization of people whose biggest threat to the pros-
perity of the EU polity seems to be their ambition to work in order to earn the kind 
of living standards that their countries of origin cannot offer them. It is a testament 
to the extreme nature of our times that such unremarkably liberal ideas as respect for 
those who seek fairness of opportunities through the right to work are today seen as 
extreme proposals within the EU, which prides itself on its universal rights, rule of 
law and market economy (Holmes 1993, pp. 3–4). 

Opening more legal migration channels is not merely morally right but it would 
be in the interest of everyone: migrants themselves, their countries of origin—where 
they send much of the money they earn—and, finally, the EU’s economy, particularly 
regarding the preservation of its welfare states amidst ageing populations. 

Furthermore, the legalization of migratory movements would not only protect 
refugees and drastically disrupt the illicit chaos and high death rates at the gates of 
the EU but it would also protect and strengthen the EU’s rule of law by disrupting 
the supply-and-demand chains on which smugglers, slave traders and even violent 
extremists depend. Such legalization would also reduce the informal economy 
by giving undocumented migrants a chance to stand again on their own feet by 
contributing to the state’s coffers; and by setting clear rules for them to acquire
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citizenship and social security rights, which could depend on their years of partici-
pation. With legalization we also mean that the EU should abide by its own rule of 
law: although all EU Member States have signed the Refugee Convention and its 
protocols—which means that their pledge to aid people escaping their countries is 
a commitment of their own volition—the increasingly vicious border regime they 
have put in place is vigorously hollowing out the protections that such international 
agreements afford asylum seekers. Trampling upon such international obligations 
stands in direct contradiction with the EU’s own rule of law and is weakening its 
promise to uphold fundamental rights while legitimizing xenophobia as well as the 
arbitrary abuse of power across EUropean politics. 

Finally, a comprehensive reform of the EU’s border regime should encompass 
an equalization—i.e., an equal distribution of refugees across the EU and among 
the neighboring regions on the basis of shared responsibility and eventual reset-
tlement guided by refugees’ autonomy. Such a course would involve dismantling 
the Dublin regulation and implementing provisions akin to those stipulated by the 
Temporary Protection Directive afforded to Ukrainian refugees (Bueno Lacy and 
van Houtum 2022). Instead of ad hoc funds such as the current Asylum Migration 
and Integration Fund (2013–2027)—which replaced the European Refugee Fund 
(2000–2013)—a more reliable funding tool could be sourced from a common fiscal 
policy first restricted to this very purpose. Crucially, such a policy could eventually be 
extended to fund public services such as those typically demanded by both refugees 
and communitarian EU migrants alike (i.e., social housing, education, healthcare, 
public transport and everyday utilities). A common fiscal policy for migrants would 
not merely promote the seamless integration of refugees into EUropean societies 
but it would also bolster the EU’s freedom of movement by making it easier for 
its citizens to relocate in other Member States. Moreover, by decoupling national 
public services from national taxes, a common fiscal policy could delegitimize xeno-
phobic rabble-rousers whose electoral success depends on misrepresenting migrants 
as freeloaders of public services. 

Critically, equalization would also require the immediate deployment of a EU 
Rescue Guard that would reflect the EU’s raison d’être: by preventing more migrant 
deaths. This would imply an immediate end to the concentrated-segregation politics 
of the EU’s refugee camps and replace them for dignified housing monitored by the 
democratic scrutiny of media and society. That such a scenario is not an impossibility 
but instead a matter of political will has been demonstrated by the manifest willing-
ness —even enthusiasm—to accommodate over 4 millions of Ukrainian refugees, 
who represent about four times the number of Syrian refugees whose arrival to the 
EU, by contrast, was framed as a refugee crisis that could threaten the very survival 
of the EU (Bueno Lacy and van Houtum 2022). 

In the longer run, an equalization agenda would imply a wider series of tasks 
that would take the EU outside of its perceptual isolation by assuming itself as the 
significant global actor it is. That would demand, first of all, the overall adoption of 
a EUropean political identity based on a humanist supranational historiography that 
rejects the racist tropes, imperialist symbolism, and colonial narratives evoked by 
the EU’s current identitary paraphernalia (Bueno Lacy 2020; Bialasiewicz 2012b).
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Secondly, it would imply the EU’s pursuit of fair trade, a global green deal, and a 
concrete multilateral mechanism for the peaceful resolution of conflicts—at least 
around its immediate neighborhood or, at the very least, in the regions and countries 
that are the sources of its largest refugee populations. Hence, such course should 
involve the replacement of savagery-prone border police forces and co-opted foreign 
dictatorships with a veritable Euro-Mediterranean cohesion policy designed to root 
out the wealth disparities between the EU and its neighborhood. Such disparities 
underlie the poverty, violence, and despair pushing refugee populations to EUrope, 
factors whose roots often hark back to a longstanding European colonialism that has 
not disappeared but merely transformed (Gregory 2004). 

Eventually, such equalization agenda would also need to take into account what 
is perhaps the most important measure: a drastic revision of the discriminatory EU 
visa regime to root out the nativist principle built into the design of the Union’s 
political community. Of the three borders discussed in this chapter, this paper border 
is arguably the most untreatable root of the EU’s refugee-protection crisis Overall, the 
autoimmune policies devised to address the most vulnerable form of human mobility 
have not only magnified the challenge posed by an increased number of asylum 
seekers in the EU but they have also exacerbated other geopolitical problems to the 
point that this self-made migration crisis has become the most threatening existential 
threat the EU has ever faced. As we have argued, the visa regime has created a 
global caste system of elite travelers whose mobility is welcomed, and a cohort of 
wretches whose mobility is banned, criminalized, and deterred as consequence of 
having the wrong place of birth—to the extent that they could die not only trying to 
flee but also even after they have arrived to an allegedly safe port (see also Bueno 
Lacy and van Houtum 2022). The deliberate intention to keep the less affluent, 
bodily contrasting, and religiously different trapped at a distance—or spatially and 
representationally invisibilized—simply because they were born unlucky is an act 
of discrimination that is at odds with the equal moral worth of human beings laid 
down in the Universal Declaration of Human Rights as well as in the Treaty of 
Lisbon that the EU is supposed to uphold. Surely, the world’s discriminatory visa 
system—already a hundred years old—may today seem unbreakable, but so did once 
the trans-Atlantic slave trade, South Africa’s apartheid and the divine right of kings 
(Le Guin 2014). 

The discussion—on how to achieve a responsible, sustainable and just border 
policy surely should not stop at our proposals. Worryingly, however, the EU seems 
poised to keep medicating itself with increasingly self-poisoning remedies. Such an 
appalling course, we argue, should not be regarded as a momentary lapsus but as 
a train wreck happening in slow motion instead. Since the EU closed its external 
borders with the introduction of Schengen, its political community has followed 
an ever-deadlier path of discriminatory self-enclosure that excludes a large portion 
of the world. Today, the EU is experiencing the limits of this border model: the 
current politicization of migration characterized by ghastly measures to curtail the 
movement of refugees is shaking the EU to its foundations and endangering Schengen 
as well as the non-discrimination principle underlying the protection of human rights,
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solidarity and the rule of law. Alarmingly, these are the liberal-democratic principles 
of the Copenhagen criteria and, ultimately, they constitute the very ethos of the EU. 

Barring a drastic change in the EU’s trajectory, the death and suicide of undocu-
mented migrants and their children will not stop. What is more foreboding, perhaps, 
is that the EU might share their fate—at least as we know it. Perhaps Frans Timmer-
mans is right: for the first time, the project of European integration that has brought 
historically unseen prosperity and peace to a continent characterized by its historical 
bloodshed seems as though it might fail. Ironically, it might fail because the European 
Union has become its own most formidable threat. 
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Abstract The management of pests is an area where different objectives meet: the 
need to ensure that agricultural production covers the needs of a growing population, 
the need to ensure safety and low levels of health risks for people and the need 
to conserve wildlife and biodiversity are not always compatible. In this chapter, 
we present precision farming tools that are used to manage and control the most 
important pest of the olive tree, the olive fly (Bactrocera Oleae) at the landscape 
level. A geodatabase, linked to two android applications (one for recording insect 
populations in traps and one for recording spraying routes) and a WebGIS application, 
is used to monitor populations and design management options. System architecture 
is presented, along with findings from its application on Samos and Lesvos Islands. 
These tools can be used to monitor and predict population movement and changes.

G. Katsikogiannis · V. Kopsachilis · V. I. Michalakis · D. Kavroudakis · M. Vaitis · T. Tscheulin · 
G. Stavrianakis · S. Sentas · T. Kizos (B) 
University of the Aegean, Mytilene, Greece 
e-mail: akizos@aegean.gr 

G. Katsikogiannis 
e-mail: geod16001@aegean.gr 

V. Kopsachilis 
e-mail: vkopsachilis@geo.aegean.gr 

V. I. Michalakis 
e-mail: v.michalakis@aegean.gr 

D. Kavroudakis 
e-mail: dimitrisk@aegean.gr 

M. Vaitis 
e-mail: vaitis@aegean.gr 

T. Tscheulin 
e-mail: t.tscheulin@aegean.gr 

G. Stavrianakis 
e-mail: gmstavrianakis@geo.aegean.gr 

S. Sentas 
e-mail: s.sentas@aegean.gr 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
A. Klonari et al. (eds.), Re-visioning Geography, Key Challenges in Geography, 
https://doi.org/10.1007/978-3-031-40747-5_16 

295

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-40747-5_16&domain=pdf
https://orcid.org/0000-0002-1526-0919
mailto:akizos@aegean.gr
mailto:geod16001@aegean.gr
mailto:vkopsachilis@geo.aegean.gr
mailto:v.michalakis@aegean.gr
mailto:dimitrisk@aegean.gr
mailto:vaitis@aegean.gr
mailto:t.tscheulin@aegean.gr
mailto:gmstavrianakis@geo.aegean.gr
mailto:s.sentas@aegean.gr
https://doi.org/10.1007/978-3-031-40747-5_16


296 G. Katsikogiannis et al.

Keywords GIS · Insecticides · Olive fly · Olive tree · Precision farming ·
Spraying efficiency 

Introduction 

Olive cultivation is an important economic and cultural activity for Greece, the third 
largest olive producing country in the world. The most important enemy of the tree 
is the olive fly (Bactrocera Oleae, Diptera, Tephritidae, referred as “OLF” here), 
as its infestation results in both quantitative and qualitative damage to olive oil 
production (Daane and Johnson 2010; Malheiro et al. 2015). To manage OLF in 
Greece, a national program based on bait spraying is implemented, coordinated by 
the Ministry of Agriculture, and carried out by the Offices for Rural Development 
(DAOK in Greek) of olive-growing prefectures. The program is based on monitoring 
OLF populations with traps (of the McPhail type), which are placed in the canopy 
of olive trees (1 every 2000 trees) and checked by trained personnel (called “trap 
setters”), every 5 days. The attractant solution commonly used is ammonium sulfate 
at a ratio of 2% (Varikou et al. 2013, 2014). Depending on OLF population levels and 
other technical data such as the ratio of males to females, fertility, weather conditions, 
etc. bait spraying is applied, to attract and kill adults before they lay their eggs in 
the fruit. Killing adults at this stage is intended to reduce OLF abundance in the next 
generation and generally to reduce infestations. These bait sprays are today—and 
after the ban of the use of organophosphate insecticides—administered with a protein 
attractant solution and pyrethroid insecticides, or with the ready-to-use bait Success 
0.24cb (spinosin) (Varikou et al. 2016). The efficacy of bait sprays is monitored by 
monthly sampling of olive fruit from random trees in the sprayed area and by the 
estimation of viable oviposition on the olive fruit. Pest population dynamics and 
infestation on the olive fruit depend on many biotic and abiotic parameters, such as 
weather conditions, the availability and condition of the olive fruit, the increasing 
resistance to insecticides, etc. (Kampouraki et al. 2018). 

The effectiveness of the spraying program, in addition to the above-mentioned 
factors, directly depends on the early detection of the appearance of the first adults 
(referred as the “base generation”) as well as the recording of population outbreaks 
for timely spraying. Since population measurements in the traps are carried out by the 
“trap setters” on specific dates each month (four to five times), count OLF numbers 
and renew the attractant solution in McPhail traps, this is a key process for timely 
and spatially explicit recording of overall OLF presence and identification of hot 
spots. Moreover, population movements can also be deducted from the trap data 
with relatively good temporal resolution. 

Another key process of the effectiveness of the program is spraying itself, 
performed in almost all cases by agricultural tractors with mounted sprayers. These 
sprayers spray on both sides of the tractor reaching a radius that exceeds up to 50 m 
from the movement of the tractor. Therefore, the position and course of the tractor are 
vital in recording the extent of the spraying and understanding its effectiveness and
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avoid overlapping or omitting areas. Overlaying with population monitoring data, 
the relief and land cover in the spraying area, these data can provide the key to better 
planning and management of spraying and reduce the amount of substances used. 

The emerging food crisis has highlighted the need to increase agricultural produc-
tion. At the same time, an emerging trend focuses alternatively on the use of less 
or no chemicals and the management of crop pests with natural means whenever 
this is feasible. Precision agriculture is a tool that can be used to address this new 
reality. As Pierce and Nowak (1999) assert, precision agriculture is defined as the 
application of technologies and principles to manage spatial and temporal variability 
associated with all aspects of agricultural production. Elaborating on the role of GIS 
in agriculture is about allocative efficiency, profitability and record keeping. 

In this paper, we present the conceptualization, planning, development and imple-
mentation of an integrated management system of the OLF Program on the Samos 
Island in the Aegean Sea, Greece. The system consists of two Android applica-
tions, available in Greek language, that cover two critical processes, trap monitoring 
and spraying and an interface that informs the coordinators in real time about OLF 
population hotspots, assisting them to decide on ordering spraying and monitoring 
its effectiveness. All data are automatically stored in a geodatabase and displayed 
spatially in cartographic backgrounds. All components of the system were developed 
by the University of the Aegean. In the following section, the system is described in 
detail and then some results of its implementation are presented. 

Methods and Data 

System Contents and Architecture 

The system consists of the following subsystems and applications (Fig. 1):

• A Geospatial database, where all data is stored and managed. The database (DB) 
is the core of the system, as all the other parts communicate with it for entering and 
extracting data. Its implementation was carried out in the PostgreSQL/PostGIS 
database.

• An application for mobile devices that allows recording and transmission of OLF 
population for each McPhail trap (Dakos mobile app). The application allows the 
cartographic display of the traps, the recording of the data of the trap population 
and cleaning. Internet connection (WiFi or 3G/4G) is necessary, however, the trap 
data from the DB to the device can be stored before the departure of the spraying 
crews and the OLF population data can be stored in the device and transferred to 
the DB when a connection is available. This makes the application functional even 
in case of incomplete or problematic internet connection. The application checks 
the user’s location: they are not allowed to enter data unless they have approached 
the respective trap within a certain distance (by default 20 m, or after setting for
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Fig. 1 System architecture 

each trap separately, considering any deviations of the GPS of the device and the 
position of each trap). This ensures that users actually visit the traps and thus the 
measurements are reliable. Figure 2 shows some screenshots of the application, 
developed with the Java programming language and running on Android devices.

• An application for mobile devices that allows recording and transmission of the 
routes of spraying tractors, during spraying in real time (Tracking mobile app). 
This application allows the vehicle coordinates to be recorded and transmitted to 
the DB during spraying. In particular, the application records the position of the 
vehicle every 5 s using the GPS of the device, which together with the date, time 
and identity of the vehicle, are transmitted to the database. The vehicle’s identity 
is declared once by the supervisor on each device using a code. The application 
works with the device in sleep mode, to save battery. It was developed with Java 
programming language and works on devices with Android operating system.

• A Web-based geographic information system (WebGIS) where data is displayed 
and managed. The goal of the WebGIS is to monitor and support the monitoring 
program by the supervisor, achieved through two independent applications: (i) 
a monitoring application, which allows the creation of reports, charts and carto-
graphic representations of the data and (ii) a management application, which 
provides a user-friendly environment for the supervision and processing of the 
raw data maintained in the database. For the implementation of the subsystem, the 
programming languages Java and Javascript, HTML and some libraries were used
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Fig. 2 Screenshots of “Dakos mobile” app a Traps b Trap and user position c Trap data input (the 
app is available only in Greek language. As in “Έλεγχος θέσης” = Check your position in map, 
“Σύνολο δάκων” = Total of adults in trap, “Θηλυκά” = Female pests in trap, “Φάρμακο Θειική 
αμμωνία” = Solution - ammonium sulfate, “Καταχώρηση» =Register numbers, “Πίσω στο χάρτη” 
= Go back to map) 

(indicative: OpenLayers3, DataTables, JFreeChart, Timeline), while the distribu-
tion of the maps is carried out through the Geoserver map server and WMS 
services (Web Map Services).

The system architecture consists of three layers: the user layer, the web application 
layer and the data layer (Fig. 1).

• The user level includes three types of users:
• Supervisors, who interact with WebGIS via web browsers and can visualize the 

data in tables, figures and maps, to monitor the progress of the program and to 
order sprayings.

• Trapp setters that use a tablet’s or smartphone’s in-built satellite navigation 
receiver in combination with the installed “Dakos mobile” app. Access to the 
application is controlled by a password. The log data is stored in the database.

• Spraying operators, that use the satellite navigation of a phone, where the 
“Tracking mobile” app is installed. The log data is stored in the database.

• The web applications layer mainly includes the web-based geographic information 
system (WebGIS) that allows cartographic display and management of the data 
stored in the database. It also gives access to free background data.

• The data layer includes the database management system (DBMS) and an 
appropriately designed geospatial database to support system operations.
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The system has been developed using free software/open-source software. 

Visualization Tools 

Tables and Charts 

The system allows reporting of insect counts per trap and per area. In the first case, 
the report contains the code of the trap, the date of measurement, the total number of 
insects and the numbers of males and females. In the second case, the report contains 
the name of the area, the date of measurement and the averages of the total number 
of insects, the number of males and the number of female insects of the traps of the 
area. The supervisor can customize the reports for the traps or areas and time period 
desired. Reports can be exported as CSV files for further processing. 

The system also allows plotting of insect counts per trap and per area, where the 
horizontal axis refers to dates of counts and the vertical axis refers to insect count 
values. The supervisor can customize the chart by selecting the traps or areas, time 
interval and type of count (total, males, females) desired. Optionally, a time series 
of meteorological data can be integrated into the chart. Figure 3 shows, for example, 
the measurements of the total number of insects for the area of “Ag. Konstantinou”, 
together with the time series of maximum temperature values for the meteorological 
station of “Karlovasi” (Samos Island). 

Fig. 3 Screenshot of the web application: Plot of measurements of the total number of insects 
together with a time series of maximum temperature values (the app is available only in Greek 
language. As in “Μ.Ο. Μετρήσεων ανά περιοχή” = average of pest in traps per area, Vertical axis 
= Number of adults in traps, Horizontal axis=Date of measurement, “ΑΓΙΟΣ_ΚΩΝΣΤΑΝΤΙΝΟΣ” 
= is the name of the selected area, “ΘΕΡΜΟΚΡΑΣΙΑ” = Temperature - Tmax)
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Mapping Traps and Routes of Spraying Vehicles 

The system allows the creation of cartographic representations of OLF counts in 
the traps. A dynamic interactive cartographic environment displays trap locations 
and an interactive timeline with measurement/cleanup dates available in the DB 
(Fig. 4). Specifically, cartographic representations of: (a) the total number of insects, 
(b) the male/female ratio (M/F) and (c) the total number of insects and the M/F 
ratio simultaneously are available. Each trap is colored according to the number of 
insects counted (green, orange, red), with its symbol representing the M/F ratio. 
More detailed information is given by selecting a specific trap. There are options for 
different map backgrounds and the ability to save/print the current map display. 

The system allows the generation of cartographic representations of the sequential 
positions of vehicles performing bait sprays (which simulate a route). In a dynamic 
interactive cartographic environment, the sequential positions of the vehicles are 
displayed, with a different color for each vehicle. The supervisor can customize the 
display by selecting the desired spraying date and vehicles (Fig. 5). There are also 
options for different map backgrounds and the ability to save/print the current map 
display.

Fig. 4 Screenshot of the web application: Mapping of OLF counts from McPhail traps (the 
app is available only in Greek language. As in “Χάρτης Δακοσυλλήψεων Σάμου” = Map of 
OLF in traps for Samos island, “Επιλογή χαρτών” – “Δορυφορικός”, “Δορυφορικός με ετικέτες” 
“Τοπογραφικός” = Background map, Satellite map, Satellite map with labels, Topographical map, 
“Υπόμνημα” – “Σύνολο”= Index – Total, “Αναλογία Α/Θ”=Sex ratio, “A”= mail, “Θ”= femaile) 
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Fig. 5 Screenshot of the web application: Mapping of spraying vehicle routes (the app is avail-
able only in Greek language. As in “Χάρτης Online Παρακολούθησης” = real time tracking 
map, “Επιλογή υποβάθρου” = Background selection, “Δορυφορικός”, “Δορυφορικός με ετικέτες”, 
“Τοπογραφικός” = Background map, Satellite map, Satellite map with labels, Topographical map, 
“Επιλογή ημερομηνίας” = Date selection, “Υπόμνημα” = Index) 

Table 1 Number of traps and year check of Samos 

Number 2017 2018 2019 2020 2021 

# traps 398 421 500 499 534 

# measurements 10.679 10.688 13.911 14.373 14.319 

Traps Setting and Measurements 

The system has been used in the area of responsibility of the Office for Rural Devel-
opment of Samos for years 2017 to 2021, as well as in other areas of Greece. Below 
are some results for Samos, where application has been systematic. 

The area includes the islands of Samos, Ikaria and Fourni Corseon, in total 40 olive 
oil producing areas with 22,799 olive groves, of which 611 are organic. An average 
of 470 traps were installed per year, while an average of 12,800 measurements were 
performed using the system, with an increasing trend (detailed data are listed in 
Table 1). 

Results and Discussion 

Tables 2 and 3 present the M/F ratio as well as the totals of insects measured in the 
traps for the five years of implementation (2017–2021) per month, giving an overall 
sense of the change in the insect population.
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Table 2 Sex ratio Male/Female of pest adults measured in traps for 5 years period 

Male/Female olive flies ratio 

2017 2018 2019 2020 2021 

June 1.93 1.42 1.83 1.15 1.56 

July 1.35 1.30 1.77 1.21 1.38 

August 1.21 1.30 1.32 1.31 1.40 

September 1.19 1.24 1.17 1.23 1.15 

October 0.94 1.11 1.18 1.27 1.19 

Table 3 Totals of pest adults, measured in traps for 5 years period 

Total olive flies 

2017 2018 2019 2020 2021 

June 7,647 18,458 3,976 6,071 9,173 

July 19,245 21,456 6,176 21,452 21,403 

August 15,242 19,817 23,135 22,186 11,887 

September 23,062 25,022 37,973 35,796 20,398 

October 25,196 20,103 34,883 30,640 36,952 

Totals 90,392 104,856 106,143 116,145 99,813 

The recording, transmission and storage in the DB of the measurements of the 
OLF population, as well as the storage of the coordinates of the OLF traps and meteo-
rological variables, enables calculations to be carried out for a better understanding of 
the population dynamics and spread of OLF and monitoring program. The depiction 
of monthly counts with the use of a Kriging spatial interpolation method was applied 
using the insect measurements from the set of traps. Surface areas were calculated 
only in olive grove areas, as recorded by the declarations of their owners (Fig. 6). 
This depiction can reveal seasonal patterns of higher population presence and assist 
in planning for next season.

The results show some common patterns of OLF population change during the 
monitoring season (northern and mountainous areas at the beginning, southern and 
lowland toward the end of the season), but also appear to show population movements. 
An exception seems to be 2019, where the weather conditions were very different 
compared to the other two years (initially intense heat and later low temperatures 
and very high humidity). The highest population values recorded are in the north 
in September, but apart from that one-year maximum number, typically the highest 
values are recorded in the warmer south in October, when higher temperatures and 
relative humidity values are combined, favoring PLF population explosions.
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Fig. 6 10-day measurements of OLF in Samos for 3-year period (2017–2019): a 2017 b 2018 
c 2019
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Conclusion 

The management of the OLF is a very important issue in many olive oil producing 
areas. Common management Programs such as the ones practiced in Greece can offer 
landscape level solutions to its management rather than single farm level manage-
ment. The Integrated System that is described here can provide input and assistance 
to the supervisors of the Programs at two levels: (a) the monitoring of the population 
level, in which the supervisors can see in real-time changes and schedule spraying; (b) 
the monitoring of spraying application, in which the supervisors can monitor in real-
time sprayed areas, avoid overlapping and with the combination of OLF population 
monitoring estimate spraying efficiency. 

Although a detailed study has not yet been carried out to evaluate the economic 
and environmental benefits of the application of the Integrated System, supervisors 
assert that when practiced in full, it has facilitated their everyday work and has eased 
the realization of the Program overall and on a day to day basis. New functions in 
the WebGIS, such as spatial analysis calculations, would provide an extra assistance 
in the future. Also, the aim is to enrich this application and make it user-friendly for 
agricultural cooperations and individual olive farmers who will use it in their fields, 
obtaining information about their region. 

The combination of the application of this system along with the implementation 
of climate smart and environmentally friendly farming practices could lead to an 
integrated management of OLF in olive groves. This type of cultivation requires that 
the farmers will implement low input agriculture by managing crop pests with natural 
means, for example by allowing understory plants to grow and act as nesting sites for 
predator and parasitoid arthropods. With this type of olive grove cultivation practices, 
farmers will enable natural enemies of OLF in order to manage its population. In 
the case, the OLF population reaches an alarming level, the system will inform the 
supervisors of the program who will proceed to precise spraying. With these tools, 
we will create an olive cultivation system which manages the OLF with integrated 
methods and less or no chemicals, according to the trends that are being promoted 
by both EU and the new CAP. 
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Abstract Smart agriculture has laid a solid foundation for the development of 
society and the growth of national economies. However, due to the vast variety of 
cultivable lands, some of which may be in inaccessible regions, numerous require-
ments and challenges have emerged over time, necessitating the development of inno-
vative technological solutions. Despite the fact that technological improvements have 
substantially facilitated the expansion of agricultural services, more effort is required 
to fully integrate novel solutions based on heterogeneous network architectures. In 
addition, the incorporation of new technology to achieve high performance, while 
preserving high quality and a minimal environmental footprint, remains a challenge 
for sustainable agricultural development. Therefore, researchers continue to work on 
designing and developing new technologies and techniques to meet these objectives. 
Consequently, the management of Internet of Things (IoT) data, the expansion of 
terrestrial connectivity, and the development of a sustainable infrastructure for the 
future generation of agriculture are critical research challenges. In this context, new 
technological approaches and solutions, such as Non-Terrestrial telecommunications 
Networks, Machine Learning (ML)-based algorithms, and Green IoT protocols, are 
being proposed and investigated. The aim of this chapter is to familiarize readers 
with the current agricultural landscape, its requirements, and the most promising 
technologies being developed to meet those needs.
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Introduction 

The global production and distribution of agricultural products, as well as the growth 
of national economies, are strongly reliant on the agricultural sector, elevating the 
importance of intelligent agriculture in the contemporary world. By adopting an 
extroverted strategy, modern smart agriculture has found a position in a world-wide 
consumer-producer ecosystem marked by the spread of novel and sustainable prod-
ucts. As a result, farmers and the agro-industrial environment as a whole have adopted 
novel farming techniques and, with the aid of technology, have delivered substantial 
benefits to the world over the years (Khan et al. 2021). However, as the world’s popu-
lation is expected to reach 10 billion by 2050, and in response to the needs of the 
twenty-first century for sustainable agricultural solutions, the United Nations (UN) 
has established a set of regulations aimed at creating a more sustainable world in the 
areas of green energy, natural resource conservation, and climate change mitigation 
(Abbasi et al. 2022). 

Moreover, developments in agricultural technology demonstrate that research 
is advancing. The Internet of Things (IoT) technology based on 5G networks is 
anticipated to bring about a massive change by enabling the internet connection 
of numerous physical objects and devices. In the near future, it is anticipated that 
these technologies will dramatically increase industrial and agricultural productivity 
(Sobin 2020). Ericsson’s study on IoT-enabled cellular networks predicts that the 
number of IoT devices linked via the Narrow-band IoT (NB-IoT) and Long-Term 
Evolution Category-M (LTE-M) technologies would overtake 2G/3G connected IoT 
devices in 2023 and account for 51% of all cellular IoT connections by 2027 (Eric-
sson 2022). In light of this, the development of diverse IoT ecosystems within the 
context of smart agriculture has created both new challenges and opportunities. 

Notably, a number of smart agriculture applications, such as distributed water 
management services, agricultural land irrigation, and even crop production, are 
largely implemented in remote areas (Ullo and Sinha 2021). For example, island clus-
ters are a use case scenario in which the implementation and development of various 
IoT-enabled agricultural services present inherent connectivity issues, such as the 
interconnection between IoT objects and the communication with data storage and 
analysis services, which are primarily implemented on a cloud data center (Tao et al. 
2021). In such locations, the absence of an effective terrestrial communication infras-
tructure makes the deployment and operation of advanced agricultural technologies 
extremely difficult. Incorporating new technologies able to provide sufficient and 
secure communication with the core network and remote servers is necessary for 
data collection in a remote agricultural region. Consequently, it is anticipated that 
remote geographic regions will drive the development of Remote IoT solutions to 
overcome the aforementioned challenges.
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Non-Terrestrial Networks (NTNs), which consist of satellite systems and 
Unmanned Aerial Vehicles (UAVs), are gaining attention as a possible technological 
basis for the integration of terrestrial networks. Therefore, NTNs could potentially be 
used to provide connectivity to advanced agricultural services in remote areas (Vaezi 
et al. 2022). Moreover, Machine Learning (ML) can offer communication infrastruc-
tures with the ability to self-manage and self-repair, which could be incredibly useful 
for both routine maintenance and emergency scenarios demanding rapid, large-scale 
response, such as a massive network failure (Bhat and Huang 2021). In this context, 
Green IoT is also introduced, which provides more sustainable and energy-efficient 
communications while respecting the environment and promoting the vision of a 
sustainable society (Popli et al. 2022). 

The main driving force guiding this research is the emphasis on the importance of 
sustainability in smart agricultural systems, especially in remote areas, by analyzing 
both key factors that aid the deployment of smart agricultural scenarios and the main 
aspects that influence the design of guidelines for their sustainable development. 
For a smart agricultural system to be considered sustainable and be implemented in 
remote areas, the key factors that need to be addressed for its development include 
low energy consumption to prolong the system’s battery life, reliability, and mobility. 
As already mentioned, energy consumption and battery life are two interdependent 
concepts. In order to develop a system for remote monitoring while also maintaining 
its energy consumption to a minimum, long-range, low-power communications are 
among the key solutions that will allow for large coverage and a larger number of 
sensors to be deployed. However, in addition to energy consumption, the proposed 
system must also be reliable, meaning it must perform correctly during a specific time 
period, and mobile, so that it can be implemented in different locations. In this study, 
in order to emphasize the significance of sustainable smart agricultural systems, we 
discuss the key challenges of current Remote IoT systems and then present novel 
solutions for sustainability in smart agricultural applications of the future. 

The remainder of this chapter is organized as follows. Section 2 offers a detailed 
description of the key fields investigated in this study, while Sect. 3 presents the 
challenges that have surfaced in various Remote IoT agricultural applications, such 
as remote connectivity, data collection, and sustainable network infrastructure. In 
Sect. 4, sustainable networking technologies are presented, namely NTNs, ML, and 
Green IoT protocols, which can provide a solution to the majority of the issues 
discussed in Sect. 3. Finally, Sect. 5 summarizes the chapter’s conclusions and 
findings.
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Internet of Things in Smart Agriculture: Toward 
a Sustainable Development 

This section provides a detailed description of the key fields investigated in this study, 
namely the IoT, smart agriculture, and advanced Information and Communication 
Technology (ICT) enablers, as well as how they can be integrated. 

Internet of Things Environments 

By expanding the boundaries of the known Internet, the realm of IoT constitutes a 
tremendous transformation in the daily lives of many people worldwide by proposing 
numerous intelligent and real-time applications, including smart homes, smart cities, 
industrial control systems, smart health systems, and autonomous transportation. IoT 
is considered a unified service layer that combines multiple research fields, such as 
business logic, sensor technology, middleware, communication technologies, and 
Application Programming Interfaces (APIs), and delivers results while also taking 
into consideration the quality of the offered services (QoS) (Sinha and Dhanalakshmi 
2022). Therefore, to ensure that an IoT service delivers the required QoS, metrics like 
data integrity, access control, interoperability, and communication should be taken 
into account throughout the design process. 

In the field of smart agriculture, such metrics include the support of massive 
device connectivity (e.g., number of sensors supported by the overall infrastructure), 
precision sensing, as well as appropriate communication technologies allowing for 
fast and reliable data transmissions. Message Queuing Telemetry Transport (MQTT) 
and Constrained Application Protocol (CoAP) are two key protocols that aid the 
development of data transfer services for livestock farming and crop monitoring. In 
addition, fog and cloud computing have enabled applications such as real-time animal 
health and plant disease monitoring by bringing the cloud closer to the field and data 
collection area, thereby reducing processing latency and network congestion. 

To conclude, integrating IoT technologies in the field of agriculture can enhance 
production, available resources and final revenue, and help farmers transform 
their business into a digital entity by providing sufficient storage, processing, and 
transmitting capabilities, as well as timely forecasts. 

Modern Communication Standards 

As mentioned previously, IoT offers a variety of communication technologies and 
standards depending on the infrastructure and the corresponding needs, such as the 
implementation cost, the size of the deployed network, as well as its power consump-
tion (Tao et al. 2021), (Polymeni et al. 2022). The distance of the communication 
link, the expenses involved with network maintenance and installation, the frequency
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bands accessible for licensed or unlicensed use, and the specific requirements of each 
application are fundamental considerations when selecting a communication stan-
dard (Wang et al. 2022). Currently, 5G networks have a significant impact on many 
people’s lives, elevating the digital realm to the forefront. In addition, the number of 
IoT devices is expected to increase in the near future, developing new networking 
challenges (Li et al. 2018; Chettri and Bera 2020). 

Additionally, different IoT contexts have distinctive requirements. For instance, 
a smart home is comprised of small places, so the telecommunication standards that 
can be utilized in it must have a comparable range, such as Wi-Fi (IEEE 802.11), 
Bluetooth (IEEE 802.15.1), and Bluetooth Low Energy (BLE). In the context of 
a smart city or in the case of agriculture fields, however, it is required to employ 
long-range telecommunication technologies capable of covering a large geographical 
region with adequate data transmission capabilities. Here, cellular standards provide 
significant support for these contexts, as they enable a wide range of data rates, 
while the usage of licensed frequency spectrum limits interference and maximizes 
coverage area. In addition, the advent of new 5G technologies within the IoT enables 
the support of mass connectivity scenarios, with up to one million devices per square 
kilometer and extremely low latency (Li et al. 2018). 

The third-generation partnership project (3GPP) has standardized the NB-IoT and 
massive Long-Term Evolution Category-M (LTE-M) specifications, which are the 
two versions of the wide-area 5G-IoT systems supported by cellular networks (Wang 
et al. 2022). For the research community, the question of which technology is regarded 
as ideal for serving the various IoT environments, particularly for smart agriculture 
applications, is indeed debatable due to the fact that its answer is a multi-parametric 
decision that, as stated previously, depends on the specifics of each application’s 
requirements for mass connectivity, mobility, data transmission rates, and the ability 
of the deployed devices to use a particular range of frequency spectrum. 

Smart Agriculture 

Agriculture in its traditional sense refers to the production of livestock and agri-
cultural products through entirely physical labor by farmers, without the use of 
digital data or the existence of computing devices, making it challenging to develop 
new services in this sector as production demands begin to rise. Smart farming is 
the transformation of traditional agriculture into a sustainable, intelligent, and digi-
tized agriculture that integrates IoT technology in its entirety and other innovative 
technologies, having undergone a significant technological upgrade and therefore 
providing advanced methods and tools for the production and exploitation of agri-
cultural production data (Tao et al. 2021; Sinha and Dhanalakshmi 2022; Abbasi et al. 
2022). Smart agriculture is anticipated to make substantial use of 5G-IoT, from initial 
sensor deployment to cloud-based data storage and processing. The technology stack 
in the field of smart farming typically consists of the following: the level of smart 
devices with sensing or data collection capabilities; the level of the network allowing
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these devices to exchange useful information both ways to the Internet or a local 
node; the level of middleware offering a unified interface for devices; and lastly, the 
level of the business model providing value to producers and farmers. 

At the device level, different manufacturers have their own integrated systems 
or circuit boards with specialized data gathering, processing capacity, speed, and 
networking capabilities. In agriculture, manufacturers generally include a variety 
of mechanisms of resistance against elements such as humidity, temperature, and 
precipitation. Energy consumption, development costs, reliability, battery life, and 
mobility are crucial aspects that influence the design of smart agriculture scenarios 
and the development of guidelines for their sustainable development. At the level 
of communication, there are short and long-distance communication standards that 
cover a wide variety of scenarios. There are instances where it would be acceptable 
to deploy multiple Wi-Fi-enabled sensors in a limited area. To cover larger areas with 
a larger number of sensors, however, it is necessary to employ communications tech-
nologies with the required capabilities. As mentioned previously, such technologies 
include NB-IoT and LTE-M, which utilize the infrastructure of cellular networks to 
provide reliable and secure coverage over wide areas. 

In the same category of low–power, wide-area networks are networks like the Long 
Range Wireless Access Network (LoRaWAN), that use unlicensed frequency bands 
for transmission. These systems do not require the end-user to pay a subscription 
fee to a telecommunications service provider because they use a free (unlicensed) 
frequency spectrum. On the other hand, they necessitate the initial development of 
the relevant network infrastructure up to the area of interest, which increases the cost 
of the initial installation. Moreover, compared to IoT systems supported by cellular 
networks, these systems are susceptible to interference because the frequency bands 
they employ are open to use by other systems in the same area (Li et al. 2022). 

In smart agriculture applications, the level of data storage and analysis is crucial 
and is typically implemented in the cloud. Moreover, due to the nature of precision 
agriculture applications, the collected data volume is typically very large, creating 
processing and storage challenges. The resulting data sets are commonly complex 
and large and fall under the category of “Big data”. Big data analysis necessitates 
the application of advanced analytic techniques, and it is a field of research that has 
experienced significant growth in recent years, particularly through the employment 
of ML-based approaches (Qazi et al. 2022; Misra et al. 2022). ML can also be used to 
generate forecasts for many aspects of the agricultural production and supply chain 
that require optimal and valid decisions in order to increase productivity and safety 
and decrease or even eliminate emergencies. The final level is the business level, 
which builds on the previous levels to present the farmer or producer with a final 
business scenario that can be applied and generate further profit and value. 

The Fourth Industrial Revolution, which is still taking place as a result of techno-
logical progress, is propelling the agricultural industry forward as well as agricultural 
research and development (Khan et al. 2021; Nasirahmadi and Hensel 2022; Abbasi 
et al. 2022). Furthermore, technological trends are already influencing the next gener-
ation of communication networks, which is anticipated to revolutionize agriculture 
(Imoize et al. 2021; Zhang et al. 2022).
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Information and Communication Technology Enablers 
for Smart Agriculture 

It is an undeniable fact that supply chain fluctuations and global demand for agri-
cultural products, along with climate change and rising food prices, have led to a 
decline in farm income and agricultural labor force. In addition, as consumer expec-
tations tend to rise, it is essential to have a unified technological ecosystem system 
that can support agriculture production and business value, guarantee food safety, 
and be a market-competitive solution. Recent advancements in ICTs have resulted 
in a rise in the number of farmers and agricultural businesses that have adopted 
modern cloud computing environments and edge computing technologies, which 
provide even faster connectivity (Bhat and Huang 2021). Cloud-based approaches 
help farmers analyze their production by aggregating data from a variety of sensors, 
terrestrial weather stations, and satellite images, thereby providing real-time anal-
yses of crop, soil, and meteorological data. As shown in Fig. 1, key ICT enablers 
include IoT, 5G and B5G networks, cloud and edge computing, machine learning, 
and blockchain. 

With the rapid adoption of the IoT, networking devices have become fully inte-
grated in a variety of industries, including agriculture (Chettri and Bera 2020). Due 
to their ability to collect data and act proactively or in response to a decision, they 
are considered as the center of the agricultural supply chain and impose a dynamic 
influence on the agricultural environment. Using IoT devices and technology, farmers 
gain greater control over livestock husbandry and crop cultivation, enabling them to 
close the gap between demand and supply. However, the true potential of agriculture

Fig. 1 Modern ICT enablers 
for smart agriculture 
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is contingent upon a reliable, high-speed network with low latency. These require-
ments are met by 5G mobile communication networks, which provide a capable 
infrastructure for establishing a communication environment (Sinha and Dhanalak-
shmi 2022). In this context, technologies such as IoT, edge cloud, and robotics can 
thrive. The 5G network handles all connections between an application and the cloud 
in both directions. On the other hand, the 6G next-generation network is anticipated 
to establish new standards and requirements in agriculture, accelerating its evolution 
(Vaezi et al. 2022; Zhang et al. 2022; Polymeni et al. 2023). 

Cloud and edge computing are another set of enabling ICTs. Cloud computing 
describes a computing paradigm that provides on-demand access to a large pool of 
computing systems connected to each other in a private, public, or hybrid setting 
(Shi et al. 2016). Edge computing is a network architecture in which the network’s 
edge acquires enhanced storage and computing capabilities, allowing it to provide 
the corresponding services to the end-users with reduced latency (Shi et al. 2016). 
Some of the main features of cloud computing in smart agriculture include remote 
data acquisition and storage, weather forecasting, and online expert consultation. On 
the other hand, edge computing is mainly used in combination with cloud or fog 
computing, helping to enable the evolution of 5G communications and bring cloud 
capabilities near to end-users by offering intelligent crop management, unmanned 
agricultural machinery, and safety traceability (Kalyani and Collier 2021). 

The area of Artificial Intelligence (AI) known as Machine learning (ML) is 
an essential technology with several applications in people’s everyday lives. The 
procedures of farm management, hazardous scenario prediction, profit maximization 
prediction, and resource optimization can become a reality if data can be processed 
by a smart infrastructure and ML is applied (Sharma et al. 2020). It is true that a lack 
of knowledge regarding the types of soil, crop, fertilizer, and weather conditions, 
as well as inefficient resource management and bad market trend predictions, have 
incurred significant costs for agriculture practices. Farmers are in control of a potent 
tool for optimizing their production thanks to ML, which takes advantage of the 
level of data processing and data analytics. This technology’s data should supply the 
proper ML algorithms and offer semantics for a greater understanding of agricultural 
operations (Qazi et al. 2022). 

Thus, data-driven approaches provide a more effective strategy for decision-
making, real-time suggestions on crop and field health, and the minimization of 
production costs. The contribution of ML to agriculture can be divided into four 
distinct management categories, namely crop, livestock, water, and soil manage-
ment (Sharma et al. 2020). In crop management, sensors in conjunction with ML-
based applications help farmers predict harvest yields, provide crop quality eval-
uations, detect crop diseases or weed infestations, and identify plant species. In 
livestock management, IoT-enabled applications help in monitoring livestock health 
and vitality in real time, tracking animals, and gathering and analyzing historical 
data. However, implementing ML-based models goes one step further by preventing 
the spread of illnesses or diseases in the herd, preventing animal loss, or tracking the 
spread of illness. Finally, in water management, ML-based analysis of precipitation 
or plant and soil transpiration helps design effective smart irrigation systems that
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are crucial for optimizing crop production and permitting the development of water-
saving methods, while in soil management, ML algorithms can be used for fore-
casting and identifying agricultural soil parameters, such as composition, dryness, 
temperature, and wetness, offering less expensive and quicker solutions. 

Finally, blockchain is a promising technology for secure transactions that has 
piqued the attention of the agricultural community (Lin et al. 2017). It can reduce 
the number of potential failure points, increase data transparency and immutability, 
and, as a consequence, modernize farm infrastructure, as well as ensure concepts 
such as party trust and data security. It is also capable of tracing the origin of food, 
allowing for the reliability of food supply chains and the establishment of trust 
between producers and consumers. However, as a secure method of data distribu-
tion, it is able to leverage data-driven solutions to further enhance agriculture. In 
conjunction with smart contracts, blockchain permits financial transactions between 
parties in response to changes in the data presented on the chain. The diverse smart 
agriculture applications along with the type and the ICTs can be seen in Table 1. 

Remarkably, the sustainability of contemporary systems and infrastructures has 
a substantial impact on their energy efficiency and lifetime. Therefore, it serves as 
the primary driver of development so that future intelligent agricultural ecosystems 
have minimal environmental impact and carbon dioxide (CO2) emissions. In addi-
tion to their eco-friendly orientation, these systems can be powered by renewable 
energy sources such as the sun and wind using advanced techniques such as solar 
panel energy harvesting and wind energy collection for partial or, in certain circum-
stances, complete energy sufficiency, thereby reducing electricity consumption by 
a substantial amount. It is anticipated that these new directions through ICTs and 
global sustainability guidelines will be infused into the contemporary agricultural 
world, implementing environmentally and energy-independent innovative practices.

Table 1 ICT-enabled smart agriculture applications 

Application ICTs Type 

Agriculture Marketing Blockchain, ML Business 

Advanced Crop, Soil Management ML, IoT, Edge-Cloud 
Computing 

Management 

Super High Precision Autonomous 
Agricultural Robots 

ML, B5G, IoT, Edge-Cloud 
Computing 

Monitoring, Sensing 

Advanced Irrigation, Water Quality 
Management 

ML, IoT Management 

Remote Sensing Edge-Cloud Computing, IoT Sensing 

Agricultural Data Analytics, 
Forecasts 

ML, Cloud Computing, 
Blockchain 

Business 

Super High Plants-Soil-Crop Disease ML, Edge Computing, IoT Monitoring, Sensing 

Smart Greenhouse ML, IoT Monitoring 



316 S. Plastras et al.

Remote IoT Agriculture Challenges 

Although the IoT has existed for some time, the concept of Remote IoT has only 
recently emerged as a result of technology improvements that have expanded IoT’s 
application areas (Goel et al. 2021). As the IoT has expanded to reach the oceans, 
outer space, and other inaccessible regions of the world, multiple new challenges have 
surfaced (Triantafyllou et al. 2019). Common applications of Remote IoT systems 
in agriculture include remote monitoring, control, and activation of a wide range of 
agricultural equipment in regions with limited or no network access. 

The Northern Aegean Islands Paradigm 

Samos, Mytilene, Ikaria, and Chios are Aegean Sea islands that make up the North 
Aegean Region (NAR) of Greece. As a perfect example of how Remote IoT logic 
may be implemented in practice, this region is the epicenter of ongoing efforts to 
develop distributed IoT applications for smart agriculture. On these islands, the use 
of smart agricultural services by farmers, producers, and organizations supports the 
local production of mastic, olive oil, livestock, and wine. Monitoring services, which 
include the collection, processing, and transmission of production-related data, utilize 
spatially distributed data flows. Several monitoring and control devices (traps) for 
the Dacus oleae insect population contribute to an interesting stream of data from the 
NAR islands. These devices measure the population of these harmful insects in order 
to determine the actions required each time to improve the oil’s quality. In parallel 
with the monitoring of the Dacus oleae population, IoT sensors that monitor temper-
ature and humidity provide a second geographically distributed data stream from the 
islands of the NAR, providing a more complete picture of the olive ecosystem. 

A challenge that is immediately apparent is the problem of remote data collection 
from areas that are typically difficult to access, especially in the case of small islands 
and islets that lack the appropriate interconnection with the central network infras-
tructure of the main islands. Thus, in several cases, remote data collection cannot 
be performed automatically as it is not economically viable to incorporate modern 
telecommunication technologies in this process due to the location of the sensors, 
and a manual data gathering process is used (Ullo and Sinha 2021). 

In the following sections, a more detailed analysis of these challenges is offered 
in relation to a variety of remote environments where data monitoring and collection, 
as well as subsequent transmission in a timely, energy-efficient, and secure manner, 
are essential.
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Remote Connectivity and Data Collection 

To this day, some regions of the world lack access to mobile network infrastructure. 
Due to their distance from population centers, setting up an IoT network in remote 
areas such as deserts, island complexes, and oceans can be challenging. Currently, 
the cellular network provides approximately 90% of the required global coverage 
for broadband and M2M IoT communications. However, as smart agriculture and 
IoT services advance, it is anticipated that the number of IoT devices will increase 
to the point that 5G networks will need to be enhanced with new and innovative 
technologies to meet the demand for these services, particularly in remote areas. 
In agriculture, applications for precise and real-time monitoring of soil, livestock, 
climate, and animal health can be deployed in remote areas and open new perspec-
tives for precision agriculture services, enabling the development of new business 
opportunities and high-value investments. However, in these areas, it is challenging 
to establish and maintain a communication infrastructure that can interface a huge 
number of smart devices and sensors and enable them to communicate with the 
Internet (Callebaut et al. 2021). 

Appropriate remote data collection is crucial because once data is collected, it must 
be transmitted to the cloud for processing. In this process, a key factor to consider 
is the total transmission delay, which must be reduced within strictly defined time 
constraints. Utilizing edge computing to process some time-sensitive data locally 
may be a viable option in certain situations. However, due to the inherent limitations 
of deployments in remote areas, this approach is not always feasible. Furthermore, 
when mass connectivity of a large number of IoT devices is required, these limitations 
are magnified. In any case, the availability and operation of a local network capable of 
interconnecting all relevant IoT devices is required in such a remote farming system, 
as only this allows the farmer to manage farm operations efficiently and timely. 

In conclusion, it is acknowledged that the issue of connectivity has a significant 
impact on the agricultural production process, thereby affecting the final product’s 
quality as well as the farmers’ overall profit. Real-time IoT monitoring systems 
used by smart agricultural applications generate a great deal of useful data for 
farmers, but also present challenges in terms of their timely and efficient management. 
Furthermore, Internet connectivity also promotes the upgrading of services offered 
in difficult-to-reach locations and serves as the foundation for the development and 
delivery of new services. 

Sustainable Networking Infrastructure 

IoT devices installed in remote or difficult-to-reach locations are powered by 
batteries. In order to regularly maintain and recharge the batteries of Remote IoT 
devices, it is required to continuously monitor their energy status. However, since 
reaching to an isolated location can be expensive and difficult, the designers of such 
systems are looking for ways to save energy while also utilizing renewable energy 
sources.
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In general, energy is consumed in each component at each architectural level of 
smart agriculture systems. However, in order to develop a long-term and sustainable 
development perspective for these systems, an effort must be made to reduce the 
energy consumed in each single part of the system. Thus, efficient energy manage-
ment emerges as a new evolving field of research that aims to construct IoT systems 
in remote environments that fulfill the standards for sustainable development through 
protocol upgrades or the use of novel management algorithms (Tuysuz and Trestian 
2020). Thus, by utilizing design and development frameworks that promote an envi-
ronmentally friendly and climate change-aware approach, it is possible to reduce the 
total energy consumption required for data transmission, storage, and analysis, as 
well as network infrastructure maintenance (Popli et al. 2022). 

In addition, the viability of a Remote IoT system is directly related to the need to 
minimize human intervention as much as possible by automating the necessary oper-
ations and being able to remotely activate all of the employed equipment. Indicative 
examples include the self-organization and self-healing design approaches, which 
aim to create systems that can sense and react to external changes. In this case, it is 
essential to exploit the gathered data in order to generate new knowledge that would 
aid the adaptation processes (Rangel-Martinez et al. 2021). The challenges of smart 
agriculture in Remote IoT environments are depicted in Fig. 2. 

Fig. 2 Remote IoT agriculture challenges
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Sustainability and Emerging Networking Solutions 

In this section, emerging technologies are presented and classified into two 
subcategories, namely non-terrestrial networking and sustainability solutions. 

Emerging Networking Solutions 

The emerging networking technology of Non-Terrestrial Networks NTNs that is 
expected to enhance the global interconnection of mobile communication networks 
(Lin et al. 2021; Vaezi et al. 2022) and mitigate the connectivity issues encountered in 
current Remote IoT applications (Lin et al. 2021), (Rinaldi et al. 2020). In addition, 
economic considerations for the development of communication infrastructure in 
remote regions are taken seriously and are an additional reason for the development 
of NTNs. It is expected that using NTNs will solve the problem of connectivity in 
these areas and make it possible to create new business models for smart farming. 
In general, the operating altitude of NTNs is a determining factor in regard of the 
communication services and coverage they provide. (Azari et al. 2022). 

Unmanned Aerial Vehicles (UAVs) 

The 3GPP standards organization defines NTN as a network based on the deployment 
of Unmanned Aerial Vehicles (UAVs) or satellites that operate in the air or space 
(Michailidis et al. 2022). UAVs can be deployed more flexibly than satellites and 
at altitudes ranging from a few hundred meters to several kilometers, while their 
movement can be continuous or fly over a fixed reference point depending on the 
requirements of the system. Therefore, UAVs can provide low-cost dynamic coverage 
of remote areas on demand (Delavarpour et al. 2021). 

Unmanned Aerial Vehicles (UAVs) based on the altitude at which they operate 
can support Low Amplitude Platforms (LAPs) as well as High Amplitude Platforms 
(HAPs). UAVs may function as mobile base stations or as repeaters (Ranjha et al. 
2022). In addition, a UAV swarm operation is possible, in which a number of these 
vehicles fly over a remote area of interest while coordinating with one another to 
ensure maximum coverage (Li et al. 2022). 

Satellites 

The satellite can serve a variety of roles in the network’s architecture, including that 
of a base station or repeater. At orbital level, satellite systems typically operate in 
three altitude regions (Lin et al. 2021). Geostationary Earth Orbit (GEO) is a circular 
orbit in which satellites reach a height of 35 000 km and cover an approximate surface
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area of 3500 km2. The lower orbits are classified as Non-Geostationary Earth Orbit 
(NGEO) including Medium Earth Orbit (MEO) and Low Earth Orbit (LEO). MEO 
satellites travel between 7000 and 25,000 km in altitude, whereas LEO satellites 
travel between 300 and 1500 km, covering a surface of 1000 km and continually 
shifting position around the earth (Vaezi et al. 2022). 

The use of satellites is anticipated to result in significant enhancements to existing 
and emerging smart agriculture applications, particularly in remote regions. In addi-
tion, agricultural applications requiring the secure transmission of multimedia data 
in real time or the monitoring of critical parameters will become feasible (Centenaro 
et al. 2021). 

Finally, satellites and UAVs can collaborate thereby introducing Hybrid-NTN 
(HNTN). In this sense, NTNs combine all these features into a single, coherent 
system that Remote IoT systems can use. Future updates to these technologies will 
be delivered via the current 5G network standard, with the research community 
expected to improve them even further via the next generation of mobile networks 
(6G) (Reddy Maddikunta et al. 2021). 

Sustainability Solutions 

Machine Learning (ML) 

ML has evolved into a powerful method for knowledge production systems, with 
applications in telecom, economics, and healthcare, among others. Algorithms are 
capable of training learning models and generating a generalized model for problem-
solving. ML can enable self-organizing and self-healing capabilities within smart 
agricultural infrastructures. Typically, the three progressive processes that encompass 
these possibilities are the detection of an event (e.g., a fault), the identification of the 
category it falls under, and the implementation of a solution (Qazi et al. 2022). 

The categories of machine learning correspond to four types of learning based 
on the nature of the data and the support of a guiding agent. Unsupervised learning 
strives to associate and recognize paths and patterns from data without labels, whereas 
supervised learning attempts to predict an output function based on an input set 
(labeled data). As for the existence of an agent, reinforcement learning employs a 
guidance agent that aims each time to explore the best possible outcome and avoid 
repeating the incorrect decision. Consequently, each round generates feedback that 
functions as the optimal learning experience. 

In the context of smart agriculture applications, intelligent production-increasing 
or -decreasing decisions and the optimal management of supply chain resources are 
two areas where machine learning methods can flourish and significantly enhance 
the performance of the services offered. In addition, the detection of problem-
atic products is now considerably easier, as unsupervised learning models make 
it possible to identify faulty product characteristics with extreme precision. Further-
more, intelligent robotic agricultural systems can monitor diverse field and plant
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metrics autonomously. In an ecosystem where IoT devices can malfunction, the soil 
can become infected and its quality can deteriorate, and the air quality can suffer 
chemical changes, several difficulties can arise. By adjusting the system parameters 
that meet the required QoS, a learning model with historical data can address the 
aforementioned issues, guarantee QoS, and reduce capex/opex costs. In this direction, 
the human factor that would be essential in similar circumstances can be removed, 
thereby making the infrastructure smart and sustainable. In the energy sector, it is also 
possible to discover patterns of energy consumption under specific conditions and 
to create energy imprints. ML-based models can then use these imprints to predict 
how much energy will be needed for each usage scenario. This makes the system 
infrastructure more energy efficient and sustainable. 

In the context of sustainable agriculture, however, machine learning can provide 
solutions for a more intelligent management of the technological infrastructure itself. 
At this point, learning models can take advantage of robust historical correlations 
between electrical consumption and then predict daily or weekly system consump-
tion. In addition, machine learning makes it possible for the infrastructure to learn 
through fault conditions such as routine failure, software failure, and hardware failure. 
Therefore, self-management of infrastructure, predictive maintenance, and the ability 
to make local decisions automatically regarding whether or not to activate software 
and hardware modules based on a set of rules derived from past experience are 
possible. In this direction, it is possible for new technological trends to emerge that 
will render the agricultural infrastructure and its subsystems energy sustainable, with 
minimal environmental impact and self-management, healing, and adaption capabili-
ties. In conclusion, while the aforementioned features are obviously useful in any IoT 
system, in the context of Remote IoT systems, these features are necessary and can 
help to reduce or even eliminate the problems that these systems have, particularly 
in terms of effective and targeted maintenance, fault prediction, energy consumption 
reduction, and in general dynamic adaptation in changing conditions without human 
intervention. 

Green IoT 

Green IoT is a set of rules that an Internet of Things system must adhere to in order 
to conserve as much energy as possible by fostering a sustainable, consumption-
friendly environment (Popli et al. 2022). These rules are enforced at all system levels 
in an effort to integrate renewable energy sources seamlessly. 

In addition, rules and policies for managing device energy consumption can lead to 
more energy-efficient communication when combined with ML optimization models. 
(Sakshi Popli et al. 2021). For example, the hardware may contain sleep schedulers 
that put the device to sleep when it is not transmitting or processing data, thereby 
substantially decreasing its energy consumption. This concept is also known as the 
“awakening mechanism”. Furthermore, using supervised learning, the system may 
recognize when an actual data transfer is required and enable it, decreasing unneces-
sary data transfers to the network and reducing the associated energy consumption.
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Furthermore, the integration of infrastructure with renewable energy sources, such 
as solar panels and wind turbines, can significantly aid in the achievement of this 
goal by producing a significant amount of the required energy on a daily basis. 

Toward this direction, Green IoT enables IoT devices to form small D2D networks, 
thereby offloading the central gateway or infrastructure responsible for managing 
their communication and resulting in a reduction in IoT network latency (Hemanand 
et al. 2021). 

Finally, renewable energy sources such as the sun and wind are two prominent 
examples of how the IoT can collect energy and power a portion of a network, thereby 
reducing energy consumption significantly. Low-level energy collection is performed 
by solar panels and wind turbines, which convert solar and kinetic energy into electric 
energy. In addition, novel energy harvesters, in which researchers are becoming 
more and more interested, capture heat from the IoT hardware and the environment 
(thermal harvesters) as well as energy from radio signals (RF harvesters), therefore 
it is anticipated that energy self-sufficiency can be achieved. The sustainability and 
the NTN networking solutions can be seen in Fig. 3. 

Fig. 3 Sustainability and Non-terrestrial networking solutions
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Conclusions 

In this chapter, an effort was made to emphasize the importance of sustainability 
in Remote IoT systems. The chapter begins by presenting the key research fields 
investigated in this study, including modern communication standards, sustainable 
smart agricultural scenarios, and ICT enablers. After setting the research context, 
our work then proceeds to present the main challenges detected in current Remote 
IoT environments, which include remote connectivity, data collection, and sustain-
able infrastructure, taking into consideration the system’s battery life, reliability, and 
mobility. Finally, after describing the aforementioned key challenges, the chapter 
continues to present some new key sustainable solutions that, if properly imple-
mented, could complete the deficiencies in this research field. In this context, NTNs, 
ML, and Green IoT are three new topics proposed as solutions to the aforementioned 
challenges. More specifically, NTNs allow for continuous provision of connectivity 
in locations where an Internet connection is required to support agricultural services, 
while ML supports intelligent infrastructure management, reducing human labor and 
faults to a minimum. In addition, the incorporation of Green IoT protocols into IoT-
based agricultural systems will provide a level of intelligent and automatic power 
management through energy policies as well as by integrating renewable energy 
sources, leading to a sustainable and intelligent infrastructure. 

Acknowledgements Support for this study was provided by the research program AGRICA II: 
AGrifood Research and Innovation Network of ExCellence of the Aegean, ESPA 2014–2022, in the 
context of the call of the Operational Program “Competitiveness, Entrepreneurship and Innovation”, 
Action “Support of Regional Excellence” (MIS 5046750). 

References 

Abbasi R, Martinez P, Ahmad R (2022) The digitization of agricultural industry—a systematic 
literature review on agriculture 4.0. Smart Agric Technol 2:100042. https://doi.org/10.1016/j. 
atech.2022.100042 

Azari MM, Solanki S, Chatzinotas S et al (2022) Evolution of non-terrestrial networks from 5G to 
6G: a survey. IEEE Commun Surv Tutor 24:2633–2672. https://doi.org/10.1109/COMST.2022. 
3199901 

Bhat SA, Huang NF (2021) Big data and AI revolution in precision agriculture: survey and 
challenges. IEEE Access 9:110209–110222. https://doi.org/10.1109/ACCESS.2021.3102227 

Callebaut G, Leenders G, Van Mulders J et al (2021) The art of designing remote iot devices— 
technologies and strategies for a long battery life. Sensors (switzerland) 21(3):913. https://doi. 
org/10.3390/s21030913 

Centenaro M, Costa CE, Granelli F et al (2021) A survey on technologies, standards and open 
challenges in satellite IoT. IEEE Commun Surv Tutor 23(3):1693–1720. https://doi.org/1109/ 
COMST.2021.3078433 

Chettri L, Bera R (2020) A comprehensive survey on internet of things (IoT) toward 5G wireless 
systems. IEEE Internet Things J 7(1):16–32. https://doi.org/10.1109/JIOT.2019.2948888

https://doi.org/10.1016/j.atech.2022.100042
https://doi.org/10.1016/j.atech.2022.100042
https://doi.org/10.1109/COMST.2022.3199901
https://doi.org/10.1109/COMST.2022.3199901
https://doi.org/10.1109/ACCESS.2021.3102227
https://doi.org/10.3390/s21030913
https://doi.org/10.3390/s21030913
https://doi.org/1109/COMST.2021.3078433
https://doi.org/1109/COMST.2021.3078433
https://doi.org/10.1109/JIOT.2019.2948888


324 S. Plastras et al.

Delavarpour N, Koparan C, Nowatzki J et al (2021) A technical study on UAV characteristics 
for precision agriculture applications and associated practical challenges. Remote Sens (basel) 
13(6):1204. https://doi.org/10.3390/rs13061204 

Ericsson (2022) Ericsson Mobility Report June 2022. Available from: https://www.ericssonlg.com/ 
en/events/emr-june-202206 

Goel RK, Yadav CS, Vishnoi S, Rastogi R (2021) Smart agriculture—Urgent need of the day 
in developing countries. Sustain Comput: Inform Syst 30:100512. https://doi.org/10.1016/j.sus 
com.2021.100512 

Hemanand D, Jayalakshmi DS, Ghosh U et al (2021) Enabling sustainable energy for smart environ-
ment using 5G wireless communication and internet of things. IEEE Wirel Commun 28:56–61. 
https://doi.org/10.1109/MWC.013.2100158 

Imoize AL, Adedeji O, Tandiya N, Shetty S (2021) 6g enabled smart infrastructure for sustainable 
society: Opportunities, challenges, and research roadmap. Sensors 21(5):1709. https://doi.org/ 
10.3390/s21051709 

Kalyani Y, Collier R (2021) A systematic survey on the role of cloud, fog, and edge computing 
combination in smart agriculture. Sensors 21(17):5922. https://doi.org/10.3390/s21175922 

Khan N, Ray RL, Sargani GR et al (2021) Current progress and future prospects of agriculture 
technology: Gateway to sustainable agriculture. Sustainability (switzerland) 13(9):4883. https:// 
doi.org/10.3390/su13094883 

Li J, Kacimi R, Liu T et al (2022) Non-Terrestrial networks-enabled internet of things: UAV-Centric 
architectures, applications, and open issues. Drones 6(4):95. https://doi.org/10.3390/drones604 
0095 

Li S, Da XuL, Zhao S (2018) 5G internet of things: a survey. J Ind Inf Integr 10:1–9. https://doi. 
org/10.1016/j.jii.2018.01.005 

Lin X, Rommer S, Euler S et al (2021) 5G from space: an overview of 3GPP non-terrestrial networks. 
IEEE Commun Stand Mag 5:147–153. https://doi.org/10.1109/MCOMSTD.011.2100038 

Lin YP, Petway JR, Anthony J et al (2017) Blockchain: The evolutionary next step for ICT e-
agriculture. Environments - MDPI 4:1–13. https://doi.org/10.3390/environments4030050 

Michailidis ET, Maliatsos K, Skoutas DN et al (2022) Secure UAV-aided mobile edge computing 
for IoT: a review. IEEE Access 10:86353–86383. https://doi.org/10.1109/ACCESS.2022.319 
9408 

Misra NN, Dixit Y, Al-Mallahi A et al (2022) IoT, big data, and artificial intelligence in agriculture 
and food industry. IEEE Internet Things J 9:6305–6324. https://doi.org/10.1109/JIOT.2020.299 
8584 

Nasirahmadi A, Hensel O (2022) Toward the next generation of digitalization in agriculture based 
on digital twin paradigm. Sensors 2292:498. https://doi.org/10.3390/s22020498 

Polymeni S, Skoutas DN, Kormentzas G, Skianis C (2022) FINDEAS: a fintech-based approach on 
designing and assessing IoT systems. IEEE Internet Things J 9:25196–25206. https://doi.org/ 
10.1109/JIOT.2022.3195770 

Polymeni S, Plastras S, Skoutas DN, Kormentzas G, Skianis C (2023) The Impact of 6G-IoT 
Technologies on the Development of Agriculture 5.0: A Review. Electronics 12(12): 2651. 
https://doi.org/10.3390/electronics12122651 

Popli S, Jha RK, Jain S (2022) Green IoT: a short survey on technical evolution & techniques. Wirel 
Pers Commun 123:525–553. https://doi.org/10.1007/s11277-021-09142-3 

Qazi S, Khawaja BA, Farooq QU (2022) IoT-equipped and ai-enabled next generation smart agri-
culture: a critical review, current challenges and future trends. IEEE Access 10:21219–21235. 
https://doi.org/10.1109/ACCESS.2022.3152544 

Rangel-Martinez D, Nigam KDP, Ricardez-Sandoval LA (2021) Machine learning on sustainable 
energy: A review and outlook on renewable energy systems, catalysis, smart grid and energy 
storage. Chem Eng Res Des 174:414–441. https://doi.org/10.1016/j.cherd.2021.08.013 

Ranjha A, Kaddoum G, Dev K (2022) Facilitating URLLC in UAV-assisted relay systems with 
multiple-mobile robots for 6G networks: a prospective of agriculture 4.0. IEEE Trans Industr 
Inform 18:4954–4965. https://doi.org/10.1109/TII.2021.3131608

https://doi.org/10.3390/rs13061204
https://www.ericssonlg.com/en/events/emr-june-202206
https://www.ericssonlg.com/en/events/emr-june-202206
https://doi.org/10.1016/j.suscom.2021.100512
https://doi.org/10.1016/j.suscom.2021.100512
https://doi.org/10.1109/MWC.013.2100158
https://doi.org/10.3390/s21051709
https://doi.org/10.3390/s21051709
https://doi.org/10.3390/s21175922
https://doi.org/10.3390/su13094883
https://doi.org/10.3390/su13094883
https://doi.org/10.3390/drones6040095
https://doi.org/10.3390/drones6040095
https://doi.org/10.1016/j.jii.2018.01.005
https://doi.org/10.1016/j.jii.2018.01.005
https://doi.org/10.1109/MCOMSTD.011.2100038
https://doi.org/10.3390/environments4030050
https://doi.org/10.1109/ACCESS.2022.3199408
https://doi.org/10.1109/ACCESS.2022.3199408
https://doi.org/10.1109/JIOT.2020.2998584
https://doi.org/10.1109/JIOT.2020.2998584
https://doi.org/10.3390/s22020498
https://doi.org/10.1109/JIOT.2022.3195770
https://doi.org/10.1109/JIOT.2022.3195770
https://doi.org/10.3390/electronics12122651
https://doi.org/10.1007/s11277-021-09142-3
https://doi.org/10.1109/ACCESS.2022.3152544
https://doi.org/10.1016/j.cherd.2021.08.013
https://doi.org/10.1109/TII.2021.3131608


Sustainable Networking Solutions in Remote IoT Environments: Use … 325

Reddy Maddikunta PK, Hakak S, Alazab M et al (2021) Unmanned aerial vehicles in smart agri-
culture: applications, requirements, and challenges. IEEE Sens J 21:17608–17619. https://doi. 
org/10.1109/JSEN.2021.3049471 

Rinaldi F, Määttänen HL, Torsner J et al (2020) Non-terrestrial networks in 5G & beyond: A survey. 
IEEE Access 8:165178–165200. https://doi.org/10.1109/ACCESS.2020.3022981 

Popli S, Jha RK, Jain S (2021) A comprehensive survey on Green ICT with 5G-NB-IoT: Towards 
sustainable planet. Comput Netw 199:108433. https://doi.org/10.1016/j.comnet.2021.108433 

Sharma R, Kamble SS, Gunasekaran A et al (2020) A systematic literature review on machine 
learning applications for sustainable agriculture supply chain performance. Comput Oper Res 
119. https://doi.org/10.1016/j.cor.2020.104926 

Shi W, Cao J, Zhang Q et al (2016) Edge computing: vision and challenges. IEEE Internet Things 
J 3:637–646. https://doi.org/10.1109/JIOT.2016.2579198 

Sinha BB, Dhanalakshmi R (2022) Recent advancements and challenges of Internet of Things in 
smart agriculture: A survey. Futur Gener Comput Syst 126:169–184. https://doi.org/10.1016/j. 
future.2021.08.006 

Sobin CC (2020) A survey on architecture, protocols and challenges in IoT. Wirel Pers Commun 
112:1383–1429. https://doi.org/10.1007/s11277-020-07108-5 

Tao W, Zhao L, Wang G, Liang R (2021) Review of the internet of things communication technolo-
gies in smart agriculture and challenges. Comput Electron Agric 189:106352. https://doi.org/ 
10.1016/j.compag.2021.106352 

Triantafyllou A, Sarigiannidis P, Bibi S (2019) Precision agriculture: A remote sensing monitoring 
system architecture. Information (switzerland) 10. https://doi.org/10.3390/info10110348 

Tuysuz MF, Trestian R (2020) From serendipity to sustainable green IoT: Technical, industrial and 
political perspective. Comput Netw 182. https://doi.org/10.1016/j.comnet.2020.107469 

Ullo SL, Sinha GR (2021) Advances in IoT and smart sensors for remote sensing and agriculture 
applications. Remote Sens (basel) 13(13):2585. https://doi.org/10.3390/rs13132585 

Vaezi M, Azari A, Khosravirad SR et al (2022) Cellular, wide-area, and non-terrestrial IoT: a survey 
on 5G advances and the road toward 6G. IEEE Commun Surv Tutor 24:1117–1174. https://doi. 
org/10.1109/COMST.2022.3151028 

Wang SY, Chang JE, Fan H, Sun YH (2022) Comparing the performance of NB-IoT, LTE Cat-M1, 
sigfox, and LoRa for IoT end devices moving at high speeds in the air. J Signal Process Syst 
94:81–99. https://doi.org/10.1007/s11265-021-01660-4 

Zhang F, Zhang Y, Lu W et al (2022) 6G-Enabled smart agriculture: a review and prospect. 
Electronics (switzerland) 11(18):2845. https://doi.org/10.3390/electronics11182845

https://doi.org/10.1109/JSEN.2021.3049471
https://doi.org/10.1109/JSEN.2021.3049471
https://doi.org/10.1109/ACCESS.2020.3022981
https://doi.org/10.1016/j.comnet.2021.108433
https://doi.org/10.1016/j.cor.2020.104926
https://doi.org/10.1109/JIOT.2016.2579198
https://doi.org/10.1016/j.future.2021.08.006
https://doi.org/10.1016/j.future.2021.08.006
https://doi.org/10.1007/s11277-020-07108-5
https://doi.org/10.1016/j.compag.2021.106352
https://doi.org/10.1016/j.compag.2021.106352
https://doi.org/10.3390/info10110348
https://doi.org/10.1016/j.comnet.2020.107469
https://doi.org/10.3390/rs13132585
https://doi.org/10.1109/COMST.2022.3151028
https://doi.org/10.1109/COMST.2022.3151028
https://doi.org/10.1007/s11265-021-01660-4
https://doi.org/10.3390/electronics11182845

	Contents
	Geospatial Technologies
	 Promotion of Geography Student Teachers’ Abilities to Diagnose Pupils’ Written Argumentation Skills with the Help of a Diagnostic Tool
	Introduction
	Theoretical Background
	Diagnostic Tool for Argumentative Text Products
	The Didactical Concept of the OER
	Self-Learning Unit
	Application Task

	Methodological Approach to the Evaluation
	Evaluation of the Learning Module
	Evaluation of the Use of the Diagnostic Tool

	Results
	Evaluation
	Students’ Competencies to Use the Diagnostic Tool

	Summary and Conclusion
	References

	 Development of the Online Geospatial Problem-Solving Instrument: Investigating Elementary Students’ Perceptual Processes in Geospatial Problem-Solving
	Introduction
	The Action-Specific Perception Account
	The Instrument
	Spatial Thinking Components
	Development of the Instrument
	Technical Analysis
	Design and User Interface
	Frontend Development
	Backend Development
	Additional Tools

	References

	 A Spatial Knowledge Infrastructure for the Aegean Archipelago
	Introduction
	Background
	Semantic Web Technologies
	Semantic Web Technologies and Spatial Data Infrastructures

	Spatial Knowledge Infrastructure for the Aegean Archipelago
	Semantic Annotation Application
	Triple Store
	RDF Explorer
	SemWebGIS

	Discussion
	Conclusion
	References

	 Using Story Maps for SDG Visibility and Education: A Scoping Review
	Introduction
	Methodology
	Data Sources and Search Strategy
	Data Management and Screening
	Eligibility Criteria

	Results
	Number and year of Publication
	Sources
	Origin and Language
	Topics

	Discussion and Conclusions
	References

	 Education for Sustainable Development in Teacher Training Through Multinational Cooperation: Goals, Opportunities, and Challenges
	Introduction
	Contextual and Theoretical Backgrounds
	Teacher Training in Three Different Countries
	Implementation of ESD in Teacher Training
	Interculturality

	Concept of the Seminar
	Goals of the Project
	Organization of the Seminar

	Evaluation—Methods
	Analysis of Students’ Logbooks
	Analysis of the Lecturers’ Notes

	Evaluation—Results
	Students’ Learning Outputs—French Results
	Students’ Learning Outputs—Israeli Results
	Analysis of the Lecturers’ Notes

	Discussion
	References

	 Connecting Literature and Web Maps: Hungarian Writers and Poets Online
	Introduction: Organizing the BIO-MAPS Project
	Geography, Cartography and Geoinformatics in the Hungarian Secondary Schools
	Elementary Level
	Secondary Level

	Creating a Biographical Map Library of Hungarian Authors
	StoryMaps in Education
	Data Collection
	Map Making
	Editing a StoryMap

	Conclusions
	References

	Education, Geography and New Geospatial Technologies and Tools
	 Teaching and Learning Geography with a Web GIS Approach
	The Advent of Web GIS and Its Implications in Instruction
	Why Is Web GIS Revolutionary in Instruction?
	Approaches and Best Practices to Address Key Challenges in Geography Through Web GIS
	Addressing Key Challenges in Geography with the Benefits of Web GIS
	The 10 Most Important Strategies in Teaching Geography with Web GIS
	The 10 Most Important GIS Skills that Are Fostered in Teaching Geography with Web GIS
	Recommendations
	References

	 Education for Sustainability Using Cloud-Based Geographic Information Systems at University
	Introduction
	Contextual and Theoretical Backgrounds
	Educating for Sustainability Using Distance Learning at University
	Rosenshine’s Principles Are Suitable for Integrating Web GIS and SDGs in Education for Sustainability

	Methodology
	Trainees’ Tasks
	Assessment Criteria Used

	Results and Discussion
	Conclusions
	References

	 Comparative Dimensions of Teaching in Austria and in Israel: Holocaust Education Using Primary Sources
	The Story of Mrs. Karoline Bloch
	Persecution of Jews in Austria and the Destruction of the Community
	Holocaust Teaching in Contemporary Contexts
	Teaching History by Primary Sources

	Methods
	Action Research (AR)
	Research Questions

	Findings
	Moral and Global Dilemmas
	Learning Effects and New Insights
	Narratives and Their Influences on Students’ Responses
	The Irish Narrative
	The Israeli Narrative
	The Austrian Narrative

	Summary
	Epilogue
	References

	 Geographic Education and Spatial Citizenship: Collaborative Mapping for Learning the Local Environment in a Global Context
	Introduction
	Methodology
	Case Studies of Didactic Proposals for the Promotion of Digital Citizenship
	Collaborative Mapping of Your Living Space During a Pandemic (Confinement Period and Immediately After) “My World in 15 Minutes”
	Collaborative Mapping of Women’s Streets in Huesca

	Results and Discussion
	Conclusions
	References

	COVID-19 and Post-COVID -19
	 The Art of Geographical Analysis of COVID-19-Related Data
	Introduction
	Digital Epidemiology and Big Data
	COVID-19 Data and Countries Comparison
	Excessive Deaths by Age Group

	Logical Fallacies
	Cherry-Picking in Geography
	Data Dredging in Geography
	False Causality in Geography
	Sampling Bias in Geography
	Gambler’s Fallacy in Geography
	Simpson’s Paradox
	Publication Bias

	Conclusions
	References

	 Development of a Synthetic Index of Social Vulnerability to COVID-19 in the City of Zaragoza (Spain)
	Introduction
	Methodology
	Vulnerability Variables and Factors
	Construction and Calculation of the Social Vulnerability Index

	Results
	Survey Results
	Distribution and Characterisation of Social Vulnerability Factors at Different Scales

	Discussion
	Conclusions
	References

	 Students’ Satisfaction with Synchronous Online Learning in Times of COVID-19: A Case Study of Greek Geography Students
	Introduction
	Literature Review
	Research Questions
	Research Methodology
	Findings and Discussion
	Students’ Satisfaction with the Preparation for the Online Teaching
	Students’ Satisfaction with Pre-Class Activities for the Online Teaching
	Students’ Satisfaction with In-Class Activities During the Online Teaching
	Student Satisfaction with Post-Class Activities of the Online Teaching

	Conclusions
	References

	 Evaluation and Analysis of Literature for COVID-19 and Climate Change
	Introduction
	Methodology
	Public Discourse on Climate Crisis and COVID-19 Pandemic (RQ1)
	Emerging Themes in the Intersection of Climate and Pandemic Crisis (RQ2)
	Lessons Learned from COVID-19 Crisis Response (RQ3)

	Results
	Public Discourse on Climate Crisis and COVID-19 Pandemic (RQ1)
	Emerging Themes in the Intersection of Climate and Pandemic Crisis (RQ2)
	Lessons Learned from COVID-19 Crisis Response (RQ3)

	Discussion
	Lessons for Climate Crisis Through the Lens of the Pandemic

	Conclusion
	Appendix A. VOSViewer Thesaurus File
	References

	 Normalization, Legalization, and Equalization: Toward a Sustainable and Humane EU Border Policy
	Introduction
	Derrida’s Autoimmunity

	The Autoimmune Borders of the EU
	The Pre-Border: The EU’s Paper Border
	The In-Situ Border: The EU’s Iron Border
	The Post-Border: The Camp
	Toward a Sustainable and Humane Border Policy

	References

	Gepspatial Technologies and Application in Agriculture
	 Pest Management with Precision Farming Tools: The Case of the Olive Fly (Bactrocera Oleae)
	Introduction
	Methods and Data
	System Contents and Architecture
	Visualization Tools
	Traps Setting and Measurements

	Results and Discussion
	Conclusion
	References

	 Sustainable Networking Solutions in Remote IoT Environments: Use Cases, Challenges, and Solutions for Smart Agriculture
	Introduction
	Internet of Things in Smart Agriculture: Toward a Sustainable Development
	Internet of Things Environments
	Smart Agriculture
	Information and Communication Technology Enablers for Smart Agriculture

	Remote IoT Agriculture Challenges
	The Northern Aegean Islands Paradigm

	Sustainability and Emerging Networking Solutions
	Emerging Networking Solutions
	Sustainability Solutions

	Conclusions
	References


