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Abstract. Geospatial technologies and spatial data have increasingly
become a key issue in our world with regard to digitalization. The ability
and capability to handle spatial data products is a key competence in the
21st century. Accordingly, school education is an important domain to
address these skills, but still lacks behind its actual potential - even if
numerous concepts and approaches already exist. A promising means of
addressing this issue is to actively involve schools in real-world GI
projects. This paper sums up relevant educational approaches and concepts
that are important for such initiatives and briefly describes four selected
projects that were carried out in Austria. Based on the knowledge gained in
these projects, challenges and benefits are presented, and the transferability
and the potential of carrying out such projects in Uzbekistan is discussed.

1 Introduction and research questions

With the digitalization in all areas of living, including work and private life, the use of
Information and Communication Technologies (ICT) has become a key issue for everyone
everywhere on earth. This was compounded by the Covid-19 pandemic [1]. Digital
communication and interaction processes in real time based on web 2.0 and mobile
technologies are an essential part of our everyday life [2]. This also includes the use of
geospatial technologies and data. Online maps, for example, which are omnipresent on the
internet today, are an excellent example of the role geospatial technologies and data play
for everybody [3]. They help people to orient themselves in physical space, navigate from
place to place, plan routes, acquire spatial knowledge, build up cognitive or mental maps,
share spatial information, organize information, and participate in different types of public
participation initiatives that increasingly integrate geospatial technologies [4-6]. Now, the
competent and capable use of spatial products including online maps requires spatial
literacy skills on the part of the users. In the literature, some specific skills are emphasized
that are important for this. These skills include digital skills as well as the capabilities to
handle spatial data and spatial data products [7]. Table 1 gives an overview of these skills.
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Table 1. Overview of spatial literacy skills including general digital skills and spatial representation
handling skills [based on 7]

Digital skills

Spatial representations handling skills

Map reading/ one
way communication

Map making/
two way com-
munication

Basic GI and car-
tography related
concepts and terms

Using a digital medium
in general

Handling the formal
structures of the medi-
um (e.g., browsing,
navigation)

Searching, selecting,
evaluating information
in digital media
Mailing, contacting,
creating online identi-
ties, draw attention,

 Using online maps:
e.g., find and open
tools, orient and
navigate on the
map (e.g. zoom,
pan), find places
switch basemaps,
turn layers on/ off,
measure)
Accessing/ retriev-
ing information
(e.g., available in

Creating maps,
adding features
(i.e., markers,
lines, areas)
Adding and
combining in-
formation (e.g.,
by pop-ups)
Handling spa-
tial data (i.e.,
import, export,
convert, trans-

* Knowing/ under-
standing relevant
technical terms
(e.g., pan, layer,
basemap)

Being aware of
cartographic design
guidelines (e.g., de-
cide upon adequate
symbols, basemaps,
use/ integrate mul-
timedia)

giving opinions feature pop-ups) fer) * Critical reflection
* Making contributions * Output (e.g., print, * Re-using spa- on the power of
with a plan, design; save, share) tial data (find, maps; use of maps
taking data privacy, in- | ¢ Etc. assess, inte- as a powerful me-
tellectual property grate) diator of particular
rights IIPR) into ac- * Etc. interests
count * Etc.
* Using the digital medi-

um as a means to
achieve particular pro-
fessional and personal
goals

* Etc.

In society, however, people not only have different levels of skills to use ICT [8, 9], but
also to handle geospatial technologies [10, 11]. This is where formal school education can
play a key role in building these skills in society. Especially secondary education has be-
come a fundamental domain for geomedia education approaches and concepts [12]. Here,
the inclusion of spatial data (products) has already taken place to a certain extent [e.g., 13,
14]. Nevertheless, we are (still) faced with the challenge that many teachers still lack spatial
literacy skills [15], and that this topic cannot be/ is not assigned to a single school subject.
A promising means of addressing these issues is to include schools in projects that focus on
the use of geospatial technologies and data (GI projects) and that require public involve-
ment. In addition to public participation, citizen science, crowd mapping, and non-profit
sharing economy initiatives, this refers to research projects aiming at developing user-
centered products, learning about ICT and GI laypeople and raising people’s awareness of
topics related to the use of ICT and GI. The added value of this approach for schools is
underpinned by the numerous benefits that refer, among other things, to project-based
learning such as increased motivation and sustainability of learning [16].

In developed countries (e.g. the EU) such initiatives have gained increasing interest in
recent years (see, e.g., conferences such as Learning by Geoinformation, GI_Forum). With
regard to developing countries, there are fewer examples such as such run by the
Humanitarian OpenStreetMap Team [see, e.g., 17]. But, what additional benefits does
cooperating in GI projects bring for schooling and school students — apart from benefits
related to project-based learning? If we distinguish between developed and developing
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countries, what are the benefits for developing countries and does it make sense to apply
this approach in those countries?

Based on a selection of GI projects that took place in Austria in which the cooperation
with schools and school students was a key aspect; these questions are discussed in this
paper. Section 2 presents approaches and educational concepts that are of relevance for
such cooperations. Based on the experience from four projects (section 3), selected
challenges and benefits of such cooperation are discussed in section 4 and 5. The value of
such projects for developing countries is highlighted using the example of Uzbekistan
(section 6). A conclusion and outlook is given in section 7.

2 Approaches and concepts

In recent years, a wide range of approaches using geoinformation technologies in educa-
tion emerged. Of particular importance for the cooperation of schools in GI projects are (i)
science education, (ii) the spatial citizenship concept, and (iii) the general support of learn-
ing processes by spatial contextualization with geomedia (learning) environments (e.g., the
SELTAS approach). These concepts are briefly described below.

2.1 Science education

Many approaches regarding the use of geoinformation in education stem from the sci-
ence education domain. These concepts aim to foster spatial thinking on one hand and
(technology-driven) analytical thinking on the other. One of the most prominent initiatives
in this field is the “Learning to think spatially” concept: “The key to spatial thinking is a
constructive amalgam of three elements: concepts of space, tools of representation, and
processes of reasoning. It is the concept of space that makes spatial thinking a distinctive
form of thinking” [18: 12]. In this context, spatial thinking, analytical thinking and technol-
ogy-supported digital (geo)visualization abilities are considered as key competences in the
21% century, which can be fostered by an active integration of geoinformation technologies
in the classroom [19].

2.2 Spatial Citizenship

On the contrary, the spatial citizenship approach [14] aims at the ability to interact and
participate in societal negotiation processes with the support of geomedia. Based on a fun-
dament of critical cartography [20], critical GIScience [21, 22], and a constructivist under-
standing of space and spatial meaning [23], it links geomedia usage with citizenship educa-
tion aims. Theoretically, it is linked to an activist citizenship education approach [24] in
combination with the emergence of online communities, networks and collaborations [25].

Based on the premise, that geomedia serve as powerful platform for the manifestation of
spatial meaning, spatial citizenship focuses on two dimensions: (i) reflection and (ii)
communication. Reflection refers to a mature appropriation of space and spatial meaning;
and communication is linked to actively communicate own alternative meanings supported
by geomedia. For this, spatial citizenship defines three competence fields, which are
required to actively act as a spatial citizen: (i) technical and methodologic competences to
handle spatial representations and geomedia, (ii) the competence to reflect, appraise and
evaluate the use of spatial representations and geomedia, and (iii) the competence to
actively communicate and participate with spatial representations and geomedia [14]. When
these three competences are consistently fostered in (school) education, school students
develop the ability and capability to participate in processes of spatial meaning production.
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2.3 SELTAS

Another approach focusing on geomedia and education is SELTAS (Spatially Enabled
Learning and Teaching Across Subjects). In contrast to science education approaches and
spatial citizenship, SELTAS is a concept that provides benefit to learning through spatial
contextualization. Its main aim is the individual and collective generation and documenta-
tion of knowledge (including spatial analysis) in the framework of learning environments
by adding a (geo)mediated spatial context to the leaning content [26, 27].

SELTAS uses the omnipresence of digital spatial information to support learning while
taking into account the communicative and collaborative potential of the geoinformation
society. Inspired by the variety of content, to which georeferences have been added in eve-
ryday life — from political issues to sustainable consumption to spatialized documentation
of leisure activities — the focus lies on learning that uses spatial representations as added
value for several subjects beyond purely geographical topics. Examples within this
approach are learning about places mentioned in novels, about statistics concerning
countries and regions, and about cartographic narrations on product chains. The approach is
based on two main references:

1. relational spac, i.e., the idea of the attachment of meaning to mainly physical mat-
ter by communication through spatial representations [23] and a supportive spatial
contextualization of content

il. dual coding [28], i.e., the combination of pictorial (maps as picture) and symbolic
elements (maps as text) that target different modes of information processing in
the learners’ reception, as described in mapping theory [29]

Based on the advantages of geomedia, SELTAS “[...] makes use of web-based spatial
representations to support interaction, communication and document learning outcomes in
educational contexts by connecting complex learning content to a spatial dimension. This
can be achieved by contextualization, by cartographic support of arguments in
communication processes or simply as a spatialized portfolio that may be either individual
or collective or both” [26: 206].

3 Exemplary projects

Over the last couple of years, we carried out or took part in several projects in which we
collaborated with schools such as (i) YouthMap5020, (ii) Fairtrade Oberndorf, (iii)
the4bees, and (iv) citizenMorph. Even though their aims as well as methods and tools used
differ widely, the common thread of all four projects was to address school students’ geo-
media skills in the context of specific settings: High school students contributed to each
project in the context of several hours / days lasting workshops. Common to all projects is
also that each one aimed at developing a product to which high school students have made
a significant contribution. The four projects are briefly described in Table 2 and below.

Table 2: Overview of the projects

Project Duration/ Fund- | Key topic Domains involved Tools used

ing
Youtmap- | 2013-2014 Youth-centred Cartography, geog- | ESRI’s ArcGIS
5020 National/ Austria: | city map raphy, geoinformat- | Online

FFG ics, software devel-

opment

Fairtrade 2015 Sustainability, Cartography, geog- | ESRI’s ArcGIS
Oberndorf | National/ Austria: | responsible con- raphy, geoinformat- | Online

FFG sumption ics, economics
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the4bees 2015-2019 Sustainable ener- | Cartography, geoin- | ESRI’s Story-
International/ gy consumption formatics, sensing maps for ArcGIS
EU: technology Online
Interreg Alpine
Space

citzen- 2018-2020 Geomorphologi- Geomorphology/ ESRIS’s Survey

Morph National/ Austria: | cal features and geograph, remote 123 for ArcGIS
FWF dynamics, climate | sensing, geoinfor- Online

change matics

3.1 YouthMap

The YouthMap 5020 project aimed at creating an online map for the city of Salzburg
that is tailored to the needs of young people. The map was technically implemented as an
ArcGIS online map application. Applying the approach of participatory design, about 120
high school students from several local schools were involved in all kinds of tasks related to
the phases of generating the youth-centric Salzburg online city map. The decision to use the
participatory design approach arose from the fact that literature highlights it as a strategy
that is particularly useful when it comes to working with young people and when there is a
need to directly and actively involve them in the development process. Following the par-
ticipatory design approach, the YouthMap 5020 project team comprised adults as experts in
geoinformatics and application development as well as young people as experts for their
own requirements including, e.g., map content and design [11].

3.2 FairTrade Oberndorf

This project was a technical spin-off from the YouthMap5020 project. Since it devel-
oped its own dynamic, it will be mentioned here as an independent project. Despite the
above-described, increasing (geo)digitalization of our world, this project showed that we
are still faced with many challenges on the path towards an emancipatory geomedia usage
by the general public. These challenges arise mainly from technical hurdles such as differ-
ent data formats, data standards and systems, and their (at least partly) incompatibilities. To
minimize these problems, within the project a workflow was developed that shows how to
use a minimalistic and therefore universal technology structure for cross-platform work
with spatial data, especially useful in school environments. The workflow development
took place in the context of a school initiative, in which high school students created a
dynamic and interactive online map application of their school town showing all retail
stores where fair-trade products are available [30].

3.3 thedbees

The the4bees project aimed at an interactive teaching approach to give school students a
better understanding of energy consumption by the implementation of real time sensors in
their school building. It tackled the research question of how school students can get a clear
and sustainable understanding about the topic of energy saving. To achieve this, students
from three schools in the federal state of Salzburg were directly involved in research into
energy saving. The school students participated in the entire research process from data
collection to analysis and visualization of the results in digital story maps. Based on the
related insights, teaching material and learning modules were designed for supra-regional/
international use [31].
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3.4 CitizenMorph

The main objective of the citizenMorph project was to create a technological solution
that allows and supports the general public to contribute data on landforms and geomorpho-
logical phenomena, the dynamic of which is actually steadily increasing due to the effects
of climate change. The technological solution comprises a mobile app for mapping such
landforms on-site as well as an extended internet presence consisting of a content manage-
ment web site (providing all relevant information related to the topic and social networking
capabilities) and different social media accounts. To provide a technological solution that is
as tailored as possible to the citizens and their needs, representatives of the public (includ-
ing high school students) were involved in its development in different ways. This included
the specification of the citizen requirements as well as the design and implementation of
prototypes which finally fed into the final product [32].

4 Selected challenges

Cooperating with young people is a challenging task per se. One of the reasons for this
is that the youth is a fairly heterogeneous and complex user group. Regarding their ICT use,
they can be described by the following aspects [33]: (i) overconfident of their computer and
web abilities, (ii) reduced attention span, long reaction time, (iii) little patience, quick
judgment, (iv) reluctances to read on screen and use manuals, (v) low willingness to ex-
plore implemented functionalities, and (vi) partly problems to get and keep an overview of
complex tasks and workflows. In addition to these aspects, different challenges and prob-
lems with regard to working with students were identified in the context of the four pro-
jects. These are: lack of work routine and experience, lack of experience in participating in
long-term tasks, age-related level of soft skills and technical skills.

This requires additional work and efforts that must be considered when cooperating
with young people. Selected aspects identified in the course of the four projects are listed in
Table 3. Moreover, conducting projects in cooperation with schools requires certain
organization effort. Thus, for instance, to enable school students to participate in project-
related workshops lasting several hours or days, teachers usually have to coordinate these
activities in advance by clarifying with their school administration and other teachers, if
their teaching time will be affected.

Table 3: Additional efforts (adapted from [32, 33])

Categories Description
Suitable e Hardware, devices, software applications and methods
equipment o Mix of web-based and traditional methods
e Devices and tools preferred by young people (e.g., mobile devices/ phones)
Suitable e Providing an easy-to-understand big picture: overall project aim, workflow etc.
support o Clearly structured and defined tasks, sticking to the agreed workflow
e Team composition: Support by peers to give appropriate explanations etc.
e Availability of comprehensive support: online and oftline options
e Appropriate supportive material: technical terms, concepts, explanations etc.
e In-person meetings and roundups
Enough e Facing and handling long discussions that offer opportunities to present,
scope for exchange and discuss ideas and gain recognition from others
development/ |e Expecting and facing unreliability, being flexible: failure to meet deadlines,
time to work being available for (online) discussions/ support out of company time etc.
o Invite to experiment and to think beyond common structures
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e Expecting and dealing with school students’ different knowledge and back-
ground

Trusting in school students’ skills

Helping to carry responsibility

Supporting decision making without bringing in your own ideas and opinions
Helping young people to express themselves (reasoning, presentations)
Involving school students in PR activities: school, family, other peers etc.

5 Selected benefits

On the contrary to these challenges, there are also numerous benefits. In addition to
building spatial literacy skills, we have identified many of them in the context of the four
projects. Some are highlighted and discussed below.

5.1 Spatial literacy skills

The projects presented have been proven to give school students the opportunity to
build spatial literacy skills. This is related to the fact that in all projects school students
contributed to the respective product development, which automatically contributed to the
development of these skills. Thus, by actively and directly taking part in the various tasks,
receiving explanations from the GI experts and/or working through tutorials and supportive
material independently, they build these skills.

Here, our experiences are confirmed by the finding of other scholars. This relates, for
instance, to De Luca et al. [34] or in another context Kerski [35] who emphasize that the
use of spatial data and spatial data products in schools can foster spatial awareness and
spatial literacy skills. An overview of the spatial literacy skills addressed by the four
projects is given in Table 4.

Table 4: Spatial literacy skills addressed by the four projects

Project Spatial literacy skills (required/ build)
Youthmap5020 Map reading, mapping, map production
Fairtrade Oberndorf Map reading, mapping

the4bees Map reading, mapping, map production
citizenMorph Mapping

In addition, the school students’ interest on spatial data products was aroused across all
projects. This includes the relevance for everyday tasks as well as the availability of spatial
data and tools (e.g., purposes, potential of crowdsourcing approaches). This corresponds to
Sui et al. [36] who argue that such initiatives make it more likely that young people will use
spatial data products for their private and school activities and later on in their working life.
It also has the potential to spark students’ interest in studying geoinformatics.

5.2 Expanding horizons

Cooperating with experts from different fields and working on real world topics in the
context extracurricular activities showed the school students how important theory is for
practical work and how different school subjects are intertwined and help tosolve problems
and find solutions. It has helped to broaden their horizons on aspects that are generally not
covered in school subjects as such.
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The projects YouthMap 5020 and thedbees — with a focus on software development and
geoinformatics as well as more sustainable and reflective energy consumption behaviour —
sensitized the school students in particular to STEM subjects (Science, Technology,
Engineering, and Mathematics). The projects FairTrade Oberndorf and citizenMorph,
which dealt with topics such as sustainability and social responsibility, addressed the
improvement of school students’ understanding of the relevance of public participation.
Both are closely related to aspects such as citizenship responsibilities, which are considered
as key educational issues — especially for the social challenges of the 21st century [37].
Regarding all projects, the school students were impressed by the experience and
knowledge they were able to gain, as well as the fact that they found interest in topics they
previously considered uninteresting and boring. In terms of the YouthMap 5020 project,
high school students explained they were surprised that software development is much
more than just coding and how many different people from different backgrounds
contribute to the development of software applications (e.g., media designer, sociologists,
communication and PR experts).

Moreover, the fact of cooperating with experts (who serve as role models for the school
students) and, in this context, the discussions with the experts about their work, the study
and career opportunities behind it were seen as very useful and interesting by the young
people. With regard to the citizenMorph project, for example, the interest of the school
students was aroused in particular in topics such as geology and geomorphology. Further,
by observing the experts, school students can modify their behavior/ attitude accordingly,
as the behavioural change of students (in the context of energy consumption) throughout
the 4bees project showed [31]. This is in line with the approach of social learning.

5.3 Soft skills

Soft skills play an important role in school, studies and work. Here, activities like taking
part in a project that focuses on collaboration and interaction, as well as being responsible
for specific tasks, can help developing various soft skills. This refers to competencies relat-
ed to teamwork, conflict management, communication and presentation tasks, and respon-
sibility. Moreover, it required high school students to learn and work independently and
self-paced and meet deadlines. Responsibility and independent work of the students were
addressed by the fact that their personal interest was met by the project topics — which re-
late to their life and current situation and cover issues that are important to them (Table 2).
Priiller et al. [38] also underline this: They highlight that taking local and/ or regional topics
and data into account can motivate students to work self-driven and self-paced and to inten-
sify their learning experience. This is also in line with the findings of situated learning
approaches in general [39] and for science education in particular [40]. This is driven by the
fact that personal relationships, consternation and interest in a topic are seen as key motiva-
tional factors for people to take part and get involved in whatever activity [41].

5.4 Spatially enabled society and geo digital society

Technological advances have triggered the development towards a society in which dig-
ital information and communication are key concepts, and in which actions are often sup-
ported — in some cases even replaced — by digital tools [42, 43]. Due to the advances and
omnipresence of geospatial technologies, a spatially enabled society has emerged [44]. This
means that almost everyone not only has spatial data products at his/her fingertips (e.g., geo
portals, open government data), but should also have a certain level of spatial literacy skills
to be able to use spatial data products in a competent and capable manner and, thus, benefit
from spatial data. This relates to aspects such as becoming spatially informed, producing,
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publishing and sharing spatial data (e.g., user generated content, volunteered geographic
information), and contributing to space-related questions such as citizen science or public
participation projects. In this context, the spatially enabled society can also be understood
as a geo-digital society [11]. Here, our projects contribute to building spatially enabled
societies and geo digital societies in different ways. This refers, firstly, to building spatial
literacy skills across the high school students. Secondly, it relates to getting teachers’ inter-
est in becoming (more) familiar with geospatial technologies and spatial data, and being
prepared to include such aspects in their teaching activities [45]. Thirdly, school students,
who were involved in cooperation with GI projects, can and will spread their knowledge
and experience with geospatial technologies, products and data. As in the case of the
YouthMap5020 and citizenMorph project this refers to their families but also friends. This
is an important aspect, since for young people promotion through word of mouth and refer-
rals is an important way to get informed [46].

6 Transferability to Uzbekistan

Several of the benefits outlined above are of interest for future educational GI projects
in Uzbekistan. This Central Asian country is one of several republics from the former Sovi-
et Union. A rough overview using some figures that are of particular interest in connection
with this work is given in Table 5.

Table 5: Key figures on Uzbekistan [47]

Area [km’] 445711
Population (2018) 32.96 Mio.
School enrollment, secondary (%) (2018) 93
Mobile cellular subscriptions (per 100 people) (2018) 71,5
Individuals using the Internet (% of population) (2018) 55,2
Net migration (thousands) (2018) -44

In Uzbekistan, the need for a sustainable economic development as well as to respond to
climate change is affecting the country (e.g., changes in water distribution, natural hazards,
loos of biodiversity) and creates a particular demand for GI experts [38, 48]. As
emphasized by GPS [49:12), there is a substantial need to increase “... the number of youth
and adults who have relevant skills, including technical and vocational skills, for
employment, decent jobs and entrepreneurship ...” in the next few years thus “.... that all
learners acquire the knowledge and skills needed to promote sustainable development”.
Considering this, schooling in Uzbekistan can greatly benefit from cooperating in GI
projects. Hence, the aspects discussed in section 4 also apply to Uzbekistan, as this can
increase the proportion of young people with ICT skills, including spatial literacy skills.
Depending on the type and topic of the project, it also increases the extent to which global
citizenship education and education for sustainable development are carried out — as
requested by GPS [49].

Apart from this, there are additional benefits. For instance, with respect to soft skills,
English language proficiency — which are often a problem in Central Asian countries [see
e.g. 48], but a key issue in many areas — can be improved and interest in it can be aroused.
Cooperating in GI projects, including using different (expert) tools, requires to become
familiar with them. Since much of the supporting materials, including e-learning content,
are usually available in English (e.g., video tutorials), school students will become aware of
the importance of proficiency in English and will be motivated to learn English and
improve their English skills. Thus, such projects can help to improve students’ language
skills in general [48].
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Nevertheless, there are also some challenges particular for Uzbekistan regarding such
teaching initiatives: For such projects, a good internet connectivity is substantially required.
This is often a problem in Uzbekistan [50]. This can be countered by the fact that a large
proportion of people around the world now own and use smartphones (incl. developing
countries; Uzbek school students). This, along with high internet user penetration rates (i.e.,
mobile Internet) can free project managers from worrying too much about internet
connectivity. In addition, allowing school students to use their mobile devices meets the
preferences of this user group (i.e., digital natives) and, thus, can increase the acceptance of
the project and the tasks they have to do.

The use of geospatial technologies is generally related to the use of substantial computer
resources including software and spatial data [38; 50]. Here, free-of-charge software is
suitable for such projects, as there are no or only minimal costs for licensing and great
community-based support [38]. Moreover, for many chargeable software products special
licenses for the education field, including schools, exist (e.g. ESRI campus program).

7 Conclusion and outlook

The cooperation of schools in GI projects is a useful means to build school students’
spatial literacy skills. In addition, it brings some other benefits for young people (expanding
their horizon, developing soft skills) as well as for society (development towards a spatially
enabled society and geo digital society; citizenship responsibilities). Further, the link with
school education also brings benefits for the GI projects: more publicity, awareness rising
in society, projects will run smoother and faster, new insights etc. Nevertheless,
cooperating with schools and school students is always challenging and requires additional
work and effort. While, for instance, there are many examples of such initiative in EU
states, the situation is still different in developing countries such as the Central Asian states.
Through GI school projects, they can benefit from the opportunities described above.

To carry out such projects, opportunities such as those offered, e.g., by EU funding
should be taken into consideration (for instance capacity building initiatives with regard to
formal school education). This will promote interesting partnerships between institutions
and organization in EU countries and Central Asian states, and bring many opportunities of
exchange for school students.
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	Abstract. Geospatial technologies and spatial data have increasingly become a key issue in our world with regard to digitalization. The ability and capability to handle spatial data products is a key competence in the 21st century. Accordingly, school education is an important domain to address these skills, but still lacks behind its actual potential - even if numerous concepts and approaches already exist. A promising means of addressing this issue is to actively involve schools in real-world GI projects. This paper sums up relevant educational approaches and concepts that are important for such initiatives and briefly describes four selected projects that were carried out in Austria. Based on the knowledge gained in these projects, challenges and benefits are presented, and the transferability and the potential of carrying out such projects in Uzbekistan is discussed.
	1 Introduction and research questions
	With the digitalization in all areas of living, including work and private life, the use of Information and Communication Technologies (ICT) has become a key issue for everyone everywhere on earth. This was compounded by the Covid-19 pandemic [1]. Digital communication and interaction processes in real time based on web 2.0 and mobile technologies are an essential part of our everyday life [2]. This also includes the use of geospatial technologies and data. Online maps, for example, which are omnipresent on the internet today, are an excellent example of the role geospatial technologies and data play for everybody [3]. They help people to orient themselves in physical space, navigate from place to place, plan routes, acquire spatial knowledge, build up cognitive or mental maps, share spatial information, organize information, and participate in different types of public participation initiatives that increasingly integrate geospatial technologies [4-6]. Now, the competent and capable use of spatial products including online maps requires spatial literacy skills on the part of the users. In the literature, some specific skills are emphasized that are important for this. These skills include digital skills as well as the capabilities to handle spatial data and spatial data products [7]. Table 1 gives an overview of these skills.
	Table 1. Overview of spatial literacy skills including general digital skills and spatial representation handling skills [based on 7]
	In society, however, people not only have different levels of skills to use ICT [8, 9], but also to handle geospatial technologies [10, 11]. This is where formal school education can play a key role in building these skills in society. Especially secondary education has become a fundamental domain for geomedia education approaches and concepts [12]. Here, the inclusion of spatial data (products) has already taken place to a certain extent [e.g., 13, 14]. Nevertheless, we are (still) faced with the challenge that many teachers still lack spatial literacy skills [15], and that this topic cannot be/ is not assigned to a single school subject. A promising means of addressing these issues is to include schools in projects that focus on the use of geospatial technologies and data (GI projects) and that require public involvement. In addition to public participation, citizen science, crowd mapping, and non-profit sharing economy initiatives, this refers to research projects aiming at developing user-centered products, learning about ICT and GI laypeople and raising people’s awareness of topics related to the use of ICT and GI. The added value of this approach for schools is underpinned by the numerous benefits that refer, among other things, to project-based learning such as increased motivation and sustainability of learning [16].
	In developed countries (e.g. the EU) such initiatives have gained increasing interest in recent years (see, e.g., conferences such as Learning by Geoinformation, GI_Forum). With regard to developing countries, there are fewer examples such as such run by the Humanitarian OpenStreetMap Team [see, e.g., 17]. But, what additional benefits does cooperating in GI projects bring for schooling and school students – apart from benefits related to project-based learning? If we distinguish between developed and developing countries, what are the benefits for developing countries and does it make sense to apply this approach in those countries?
	Based on a selection of GI projects that took place in Austria in which the cooperation with schools and school students was a key aspect; these questions are discussed in this paper. Section 2 presents approaches and educational concepts that are of relevance for such cooperations. Based on the experience from four projects (section 3), selected challenges and benefits of such cooperation are discussed in section 4 and 5. The value of such projects for developing countries is highlighted using the example of Uzbekistan (section 6). A conclusion and outlook is given in section 7. 
	2 Approaches and concepts
	In recent years, a wide range of approaches using geoinformation technologies in education emerged. Of particular importance for the cooperation of schools in GI projects are (i) science education, (ii) the spatial citizenship concept, and (iii) the general support of learning processes by spatial contextualization with geomedia (learning) environments (e.g., the SELTAS approach). These concepts are briefly described below.
	2.1 Science education 
	Many approaches regarding the use of geoinformation in education stem from the science education domain. These concepts aim to foster spatial thinking on one hand and (technology-driven) analytical thinking on the other. One of the most prominent initiatives in this field is the “Learning to think spatially” concept: “The key to spatial thinking is a constructive amalgam of three elements: concepts of space, tools of representation, and processes of reasoning. It is the concept of space that makes spatial thinking a distinctive form of thinking” [18: 12]. In this context, spatial thinking, analytical thinking and technology-supported digital (geo)visualization abilities are considered as key competences in the 21st century, which can be fostered by an active integration of geoinformation technologies in the classroom [19].
	2.2 Spatial Citizenship
	On the contrary, the spatial citizenship approach [14] aims at the ability to interact and participate in societal negotiation processes with the support of geomedia. Based on a fundament of critical cartography [20], critical GIScience [21, 22], and a constructivist understanding of space and spatial meaning [23], it links geomedia usage with citizenship education aims. Theoretically, it is linked to an activist citizenship education approach [24] in combination with the emergence of online communities, networks and collaborations [25].
	Based on the premise, that geomedia serve as powerful platform for the manifestation of spatial meaning, spatial citizenship focuses on two dimensions: (i) reflection and (ii) communication. Reflection refers to a mature appropriation of space and spatial meaning; and communication is linked to actively communicate own alternative meanings supported by geomedia. For this, spatial citizenship defines three competence fields, which are required to actively act as a spatial citizen: (i) technical and methodologic competences to handle spatial representations and geomedia, (ii) the competence to reflect, appraise and evaluate the use of spatial representations and geomedia, and (iii) the competence to actively communicate and participate with spatial representations and geomedia [14]. When these three competences are consistently fostered in (school) education, school students develop the ability and capability to participate in processes of spatial meaning production.
	2.3 SELTAS
	Another approach focusing on geomedia and education is SELTAS (Spatially Enabled Learning and Teaching Across Subjects). In contrast to science education approaches and spatial citizenship, SELTAS is a concept that provides benefit to learning through spatial contextualization. Its main aim is the individual and collective generation and documentation of knowledge (including spatial analysis) in the framework of learning environments by adding a (geo)mediated spatial context to the leaning content [26, 27]. 
	SELTAS uses the omnipresence of digital spatial information to support learning while taking into account the communicative and collaborative potential of the geoinformation society. Inspired by the variety of content, to which georeferences have been added in eve-ryday life – from political issues to sustainable consumption to spatialized documentation of leisure activities – the focus lies on learning that uses spatial representations as added value for several subjects beyond purely geographical topics. Examples within this approach are learning about places mentioned in novels, about statistics concerning countries and regions, and about cartographic narrations on product chains. The approach is based on two main references: 
	i. relational spac, i.e., the idea of the attachment of meaning to mainly physical matter by communication through spatial representations [23] and a supportive spatial contextualization of content
	ii. dual coding [28], i.e., the combination of pictorial (maps as picture) and symbolic elements (maps as text) that target different modes of information processing in the learners’ reception, as described in mapping theory [29]
	Based on the advantages of geomedia, SELTAS “[…] makes use of web-based spatial representations to support interaction, communication and document learning outcomes in educational contexts by connecting complex learning content to a spatial dimension. This can be achieved by contextualization, by cartographic support of arguments in communication processes or simply as a spatialized portfolio that may be either individual or collective or both” [26: 206].
	3 Exemplary projects 
	Over the last couple of years, we carried out or took part in several projects in which we collaborated with schools such as (i) YouthMap5020, (ii) Fairtrade Oberndorf, (iii) the4bees, and (iv) citizenMorph. Even though their aims as well as methods and tools used differ widely, the common thread of all four projects was to address school students’ geomedia skills in the context of specific settings: High school students contributed to each project in the context of several hours / days lasting workshops. Common to all projects is also that each one aimed at developing a product to which high school students have made a significant contribution. The four projects are briefly described in Table 2 and below.
	Table 2: Overview of the projects
	3.1 YouthMap
	The YouthMap 5020 project aimed at creating an online map for the city of Salzburg that is tailored to the needs of young people. The map was technically implemented as an ArcGIS online map application. Applying the approach of participatory design, about 120 high school students from several local schools were involved in all kinds of tasks related to the phases of generating the youth-centric Salzburg online city map. The decision to use the participatory design approach arose from the fact that literature highlights it as a strategy that is particularly useful when it comes to working with young people and when there is a need to directly and actively involve them in the development process. Following the participatory design approach, the YouthMap 5020 project team comprised adults as experts in geoinformatics and application development as well as young people as experts for their own requirements including, e.g., map content and design [11]. 
	3.2 FairTrade Oberndorf
	This project was a technical spin-off from the YouthMap5020 project. Since it developed its own dynamic, it will be mentioned here as an independent project. Despite the above-described, increasing (geo)digitalization of our world, this project showed that we are still faced with many challenges on the path towards an emancipatory geomedia usage by the general public. These challenges arise mainly from technical hurdles such as different data formats, data standards and systems, and their (at least partly) incompatibilities. To minimize these problems, within the project a workflow was developed that shows how to use a minimalistic and therefore universal technology structure for cross-platform work with spatial data, especially useful in school environments. The workflow development took place in the context of a school initiative, in which high school students created a dynamic and interactive online map application of their school town showing all retail stores where fair-trade products are available [30].
	3.3 the4bees 
	The the4bees project aimed at an interactive teaching approach to give school students a better understanding of energy consumption by the implementation of real time sensors in their school building. It tackled the research question of how school students can get a clear and sustainable understanding about the topic of energy saving. To achieve this, students from three schools in the federal state of Salzburg were directly involved in research into energy saving. The school students participated in the entire research process from data collection to analysis and visualization of the results in digital story maps. Based on the related insights, teaching material and learning modules were designed for supra-regional/ international use [31]. 
	3.4 CitizenMorph
	The main objective of the citizenMorph project was to create a technological solution that allows and supports the general public to contribute data on landforms and geomorphological phenomena, the dynamic of which is actually steadily increasing due to the effects of climate change. The technological solution comprises a mobile app for mapping such landforms on-site as well as an extended internet presence consisting of a content management web site (providing all relevant information related to the topic and social networking capabilities) and different social media accounts. To provide a technological solution that is as tailored as possible to the citizens and their needs, representatives of the public (including high school students) were involved in its development in different ways. This included the specification of the citizen requirements as well as the design and implementation of prototypes which finally fed into the final product [32]. 
	4 Selected challenges 
	Cooperating with young people is a challenging task per se. One of the reasons for this is that the youth is a fairly heterogeneous and complex user group. Regarding their ICT use, they can be described by the following aspects [33]: (i) overconfident of their computer and web abilities, (ii) reduced attention span, long reaction time, (iii) little patience, quick judgment, (iv) reluctances to read on screen and use manuals, (v) low willingness to explore implemented functionalities, and (vi) partly problems to get and keep an overview of complex tasks and workflows. In addition to these aspects, different challenges and problems with regard to working with students were identified in the context of the four projects. These are: lack of work routine and experience, lack of experience in participating in long-term tasks, age-related level of soft skills and technical skills. 
	This requires additional work and efforts that must be considered when cooperating with young people. Selected aspects identified in the course of the four projects are listed in Table 3. Moreover, conducting projects in cooperation with schools requires certain organization effort. Thus, for instance, to enable school students to participate in project-related workshops lasting several hours or days, teachers usually have to coordinate these activities in advance by clarifying with their school administration and other teachers, if their teaching time will be affected.
	Table 3: Additional efforts (adapted from [32, 33])
	 Hardware, devices, software applications and methods
	 Mix of web-based and traditional methods 
	 Devices and tools preferred by young people (e.g., mobile devices/ phones)
	 Providing an easy-to-understand big picture: overall project aim, workflow etc.
	 Clearly structured and defined tasks, sticking to the agreed workflow
	 Team composition: Support by peers to give appropriate explanations etc. 
	 Availability of comprehensive support: online and offline options
	 Appropriate supportive material: technical terms, concepts, explanations etc.
	 In-person meetings and roundups
	 Facing and handling long discussions that offer opportunities to present, exchange and discuss ideas and gain recognition from others
	 Expecting and facing unreliability, being flexible: failure to meet deadlines, being available for (online) discussions/ support out of company time etc. 
	 Invite to experiment and to think beyond common structures
	 Expecting and dealing with school students’ different knowledge and background
	 Trusting in school students’ skills
	 Helping to carry responsibility
	 Supporting decision making without bringing in your own ideas and opinions
	 Helping young people to express themselves (reasoning, presentations)
	 Involving school students in PR activities: school, family, other peers etc.
	5 Selected benefits
	On the contrary to these challenges, there are also numerous benefits. In addition to building spatial literacy skills, we have identified many of them in the context of the four projects. Some are highlighted and discussed below.
	5.1 Spatial literacy skills 
	The projects presented have been proven to give school students the opportunity to build spatial literacy skills. This is related to the fact that in all projects school students contributed to the respective product development, which automatically contributed to the development of these skills. Thus, by actively and directly taking part in the various tasks, receiving explanations from the GI experts and/or working through tutorials and supportive material independently, they build these skills. 
	Here, our experiences are confirmed by the finding of other scholars. This relates, for instance, to De Luca et al. [34] or in another context Kerski [35] who emphasize that the use of spatial data and spatial data products in schools can foster spatial awareness and spatial literacy skills. An overview of the spatial literacy skills addressed by the four projects is given in Table 4.
	Table 4: Spatial literacy skills addressed by the four projects
	In addition, the school students’ interest on spatial data products was aroused across all projects. This includes the relevance for everyday tasks as well as the availability of spatial data and tools (e.g., purposes, potential of crowdsourcing approaches). This corresponds to Sui et al. [36] who argue that such initiatives make it more likely that young people will use spatial data products for their private and school activities and later on in their working life. It also has the potential to spark students’ interest in studying geoinformatics.
	5.2 Expanding horizons 
	Cooperating with experts from different fields and working on real world topics in the context extracurricular activities showed the school students how important theory is for practical work and how different school subjects are intertwined and help tosolve problems and find solutions. It has helped to broaden their horizons on aspects that are generally not covered in school subjects as such. 
	The projects YouthMap 5020 and the4bees – with a focus on software development and geoinformatics as well as more sustainable and reflective energy consumption behaviour –sensitized the school students in particular to STEM subjects (Science, Technology, Engineering, and Mathematics). The projects FairTrade Oberndorf and citizenMorph, which dealt with topics such as sustainability and social responsibility, addressed the improvement of school students’ understanding of the relevance of public participation. Both are closely related to aspects such as citizenship responsibilities, which are considered as key educational issues – especially for the social challenges of the 21st century [37]. Regarding all projects, the school students were impressed by the experience and knowledge they were able to gain, as well as the fact that they found interest in topics they previously considered uninteresting and boring. In terms of the YouthMap 5020 project, high school students explained they were surprised that software development is much more than just coding and how many different people from different backgrounds contribute to the development of software applications (e.g., media designer, sociologists, communication and PR experts).
	Moreover, the fact of cooperating with experts (who serve as role models for the school students) and, in this context, the discussions with the experts about their work, the study and career opportunities behind it were seen as very useful and interesting by the young people. With regard to the citizenMorph project, for example, the interest of the school students was aroused in particular in topics such as geology and geomorphology. Further, by observing the experts, school students can modify their behavior/ attitude accordingly, as the behavioural change of students (in the context of energy consumption) throughout the 4bees project showed [31]. This is in line with the approach of social learning.
	5.3 Soft skills
	Soft skills play an important role in school, studies and work. Here, activities like taking part in a project that focuses on collaboration and interaction, as well as being responsible for specific tasks, can help developing various soft skills. This refers to competencies related to teamwork, conflict management, communication and presentation tasks, and responsibility. Moreover, it required high school students to learn and work independently and self-paced and meet deadlines. Responsibility and independent work of the students were addressed by the fact that their personal interest was met by the project topics – which relate to their life and current situation and cover issues that are important to them (Table 2). Prüller et al. [38] also underline this: They highlight that taking local and/ or regional topics and data into account can motivate students to work self-driven and self-paced and to intensify their learning experience. This is also in line with the findings of situated learning approaches in general [39] and for science education in particular [40]. This is driven by the fact that personal relationships, consternation and interest in a topic are seen as key motivational factors for people to take part and get involved in whatever activity [41].
	5.4 Spatially enabled society and geo digital society
	Technological advances have triggered the development towards a society in which digital information and communication are key concepts, and in which actions are often supported – in some cases even replaced – by digital tools [42, 43]. Due to the advances and omnipresence of geospatial technologies, a spatially enabled society has emerged [44]. This means that almost everyone not only has spatial data products at his/her fingertips (e.g., geo portals, open government data), but should also have a certain level of spatial literacy skills to be able to use spatial data products in a competent and capable manner and, thus, benefit from spatial data. This relates to aspects such as becoming spatially informed, producing, publishing and sharing spatial data (e.g., user generated content, volunteered geographic information), and contributing to space-related questions such as citizen science or public participation projects. In this context, the spatially enabled society can also be understood as a geo-digital society [11]. Here, our projects contribute to building spatially enabled societies and geo digital societies in different ways. This refers, firstly, to building spatial literacy skills across the high school students. Secondly, it relates to getting teachers’ interest in becoming (more) familiar with geospatial technologies and spatial data, and being prepared to include such aspects in their teaching activities [45]. Thirdly, school students, who were involved in cooperation with GI projects, can and will spread their knowledge and experience with geospatial technologies, products and data. As in the case of the YouthMap5020 and citizenMorph project this refers to their families but also friends. This is an important aspect, since for young people promotion through word of mouth and referrals is an important way to get informed [46].
	6 Transferability to Uzbekistan
	Several of the benefits outlined above are of interest for future educational GI projects in Uzbekistan. This Central Asian country is one of several republics from the former Soviet Union. A rough overview using some figures that are of particular interest in connection with this work is given in Table 5.
	Table 5: Key figures on Uzbekistan [47]
	In Uzbekistan, the need for a sustainable economic development as well as to respond to climate change is affecting the country (e.g., changes in water distribution, natural hazards, loos of biodiversity) and creates a particular demand for GI experts [38, 48]. As emphasized by GPS [49:12), there is a substantial need to increase “… the number of youth and adults who have relevant skills, including technical and vocational skills, for employment, decent jobs and entrepreneurship …” in the next few years thus “…. that all learners acquire the knowledge and skills needed to promote sustainable development”. Considering this, schooling in Uzbekistan can greatly benefit from cooperating in GI projects. Hence, the aspects discussed in section 4 also apply to Uzbekistan, as this can increase the proportion of young people with ICT skills, including spatial literacy skills. Depending on the type and topic of the project, it also increases the extent to which global citizenship education and education for sustainable development are carried out – as requested by GPS [49]. 
	Apart from this, there are additional benefits. For instance, with respect to soft skills, English language proficiency – which are often a problem in Central Asian countries [see e.g. 48], but a key issue in many areas – can be improved and interest in it can be aroused. Cooperating in GI projects, including using different (expert) tools, requires to become familiar with them. Since much of the supporting materials, including e-learning content, are usually available in English (e.g., video tutorials), school students will become aware of the importance of proficiency in English and will be motivated to learn English and improve their English skills. Thus, such projects can help to improve students’ language skills in general [48]. 
	Nevertheless, there are also some challenges particular for Uzbekistan regarding such teaching initiatives: For such projects, a good internet connectivity is substantially required. This is often a problem in Uzbekistan [50]. This can be countered by the fact that a large proportion of people around the world now own and use smartphones (incl. developing countries; Uzbek school students). This, along with high internet user penetration rates (i.e., mobile Internet) can free project managers from worrying too much about internet connectivity. In addition, allowing school students to use their mobile devices meets the preferences of this user group (i.e., digital natives) and, thus, can increase the acceptance of the project and the tasks they have to do.
	The use of geospatial technologies is generally related to the use of substantial computer resources including software and spatial data [38; 50]. Here, free-of-charge software is suitable for such projects, as there are no or only minimal costs for licensing and great community-based support [38]. Moreover, for many chargeable software products special licenses for the education field, including schools, exist (e.g. ESRI campus program).
	7 Conclusion and outlook
	The cooperation of schools in GI projects is a useful means to build school students’ spatial literacy skills. In addition, it brings some other benefits for young people (expanding their horizon, developing soft skills) as well as for society (development towards a spatially enabled society and geo digital society; citizenship responsibilities). Further, the link with school education also brings benefits for the GI projects: more publicity, awareness rising in society, projects will run smoother and faster, new insights etc. Nevertheless, cooperating with schools and school students is always challenging and requires additional work and effort. While, for instance, there are many examples of such initiative in EU states, the situation is still different in developing countries such as the Central Asian states. Through GI school projects, they can benefit from the opportunities described above.
	To carry out such projects, opportunities such as those offered, e.g., by EU funding should be taken into consideration (for instance capacity building initiatives with regard to formal school education). This will promote interesting partnerships between institutions and organization in EU countries and Central Asian states, and bring many opportunities of exchange for school students.
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