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Abstract: The Copernicus Program and the fleet of available Earth observation satellites provide
valuable services in sectors such as agriculture, forestry, urban monitoring, and heritage management.
However, drawbacks such as knowledge gaps by the user, limited technical and financial facilities
or the lack of ready-to-use data, result in insufficient exploitation of these opportunities by heritage
site managers and other relevant stakeholders. Based on an initial assessment of current threats,
existing limitations and potential applications, we developed the e-learning module Space2Place.
Through the use of the learning module, stakeholders get a substantial introduction into Earth
observation and knowledge barriers that may exist are removed. For this purpose, we refined an
existing e-learning platform, which was developed in close relation to an online remote sensing
application and adapted to the needs of UNESCO site stakeholders. One of the main features is
the personalization of the learning modules content depending on the abilities or interests of the
user. The platform offers information with different levels of difficulty and adaptable learning paths.
A graduation certificate and practical exercises in an online remote sensing application increase the
specific added value for UNESCO site manager. By using the associated remote sensing application
and its link to Space2Place, heritage site managers also improve their knowledge on image processing
by working with original satellite imagery. Additional advantages of using the platform will be
enhanced through the introduction of new learning modules, translation into other languages and
accompanying scientific research.

Keywords: e-learning; Earth observation; education; capacity development; cultural and natural
heritage; UNESCO

1. Introduction

Education and learning approaches are changing dynamically in the course of time. Since the
development of computer systems in the mid last century and through the spread of the internet,
broadband access, and mobile phones, education systems changed tremendously [1]. Besides
the challenges of a continuously changing educational landscape, e.g., with mobile learning and
electronical learning application (hereafter e-learning), new approaches and technical opportunities
offer a variety of new options for educational experts, teachers, and providers of education [2].

E-learning raised considerably in the past few years in quantity and quality [3]. The market is still
booming with a compound annual growth rate of 7.5% up to a market volume of 275 Billion USD in
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2022 [4]. Promoting factors can be easily identified, ranging from flexibility in learning, accessibility and
comparatively low costs [5]. Distance learning opportunities became more and more popular, also as a
part of a whole distance learning program [1]. Nowadays, massive open online courses (MOOCs), often
even free of charge, are accessible for an increasing global education market. Prominent MOOCs raised
the attention of several thousand learners simultaneously, distributed all over the globe [6]. Free and
open-source learning platforms for different topics were also established during the past years, altering
academic structures and revenue models of the educational sector [7]. The large variety of available
platforms and courses creates an offer, which might appear inscrutable for the respective learner.
This is additionally challenging due to the lack of information about the effectivity and impact of an
individual course. Many offers from the existing major platforms such as edX, Coursera or Udacity can
provide useful information, but are not specifically tailored to the needs of heritage site managers and
other relevant stakeholders. By providing concise e-learning modules adapted to the specific needs
and in close relation with practical exercises in a simple remote sensing application, gained knowledge
can be easily integrated in daily working routines. Additionally, a direct feedback and communication
loop to the providers of the e-learning environment can mitigate inherent weaknesses of e-learning
programs such as technical restrictions or limited interaction between teachers and peer-to-peers,
which may have a negative impact on the effectiveness of e-learning courses [5].

Similar to the development in the field of computer systems and the e-learning sector, a boom
in the field of remote sensing has emerged during recent years [8,9]. Satellite systems including GPS
satellites, meteorological and communication satellite as well as Earth observation satellites constantly
increase their socio-economic benefit for societies [10]. Geoinformatics and Earth observation
applications are more and more part of our everyday life. Applications such as maps or navigation
systems are, often unconsciously, even known by the youngest generation [11]. Benefit from Earth
observation can be found in almost all areas of society and professions, including sectors such as
agriculture, forestry, insurance, renewable energies, and air quality [10]. In addition, UNESCO
stakeholders already benefit from the current development [12]. The magnitude of such a benefit
depends considerably on the expertise, abilities, and received training on satellite image assessment
of each individual [13]. UNESCO stakeholders are responsible for the management of designated
UNESCO sites, which fall into three categories, including World Heritage Sites, Global Geoparks,
and Biosphere Reserves, respectively. Currently, there are 1092 World Heritage Sites in total, 140
Global Geoparks, and 686 Biosphere Reserves [14–16], with varying cultural and natural assets, which
currently also benefit quantitatively and qualitatively in very different ways from Earth observation.
The work of UNESCO sites stakeholders can for example be facilitated by the monitoring of land cover
changes [17], the surveillance of structural and ground deformation [18,19] or the assessment of risks
of natural and anthropogenic hazards [20–22].

However, Earth observation is still a field for experts and professionals with specific knowledge
and experience [23]. This creates an entrance barrier for untrained students, the general public or
pupils. Therefore, specialists and educational institutions are challenged to set-up entry points and
lower the entry barriers. Many Earth observation specialists and users are not specifically experienced
in computer sciences, but rather focused on natural and social sciences. Several initiatives were
established in recent years, providing a hub for valuable information, serve as a starting point and
provide opportunities to build professional networks. This includes initiatives e.g., organized by
the European Space Agency (ESA) and associated with conferences on Earth observation (e.g., 3rd
ESA-EARSeL course on remote sensing for archaeology) as well as specific activities on conservation
of cultural and natural heritage such as the Digital Belt and Road (DBAR) Initiative, launched by
the Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences. Despite these
promising activities, which function as impulses, capacity development activities need to be broadly
diversified. Accordingly, Earth observation industry and educational institutions need to adapt to
the interdisciplinary field and face this challenge of educating an interdisciplinary group of actors.
The varying research goals and objectives of different disciplines cannot be addressed with one unique
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approach. Accordingly, educational programs have the challenging task to bridge the gap between the
users’ relevant knowledge and the desired skills and capacities in Earth observation.

The presented e-learning strategy with the various applications are especially designed for
an interdisciplinary community, in this case based on the needs of pupils of different grades.
Integrated geographical topics are linked with remote sensing applications. The presented paper
gives an overview about an e-learning system, which was especially designed for pupils and teachers.
By adapting the course content and related methods, the e-learning module Space2Place attempts to
empower UNESCO sites stakeholders to incorporate Earth observation into their working routines.
The paper offers a detailed insight into the educational concept of the systems, its developing stages,
and the technical framework conditions. The given details are supposed to contribute to the current
debate on e-learning in the field of Earth observation. Furthermore, other actors should be encouraged
to set up similar open source and barrier-free systems and improve the capacities of UNESCO
stakeholders and other target groups in this sector.

2. Materials and Methods

The basis of the current e-learning system geospektiv (www.geospektiv.de, see Appendix A for
further details of access), was developed in the framework of the project “Space4Geography” carried
out between 2013 and 2017. The e-learning system has especially been designed for pupils, adolescent,
and teachers in the context of secondary education. Its structure and content are based on a nationwide
curricula analysis of the subject Geography in German high schools and secondary schools (www.rgeo.
de/cms/p/bpa/). The federal states in Germany are primarily responsible for education, resulting
in regional differences, e.g., in terms of temporal variations between the various topics [24]. Each of
the learning modules is based on recent didactic research, partly conducted within the mentioned
research project [25]. The modules offer a broad range of topics, some with focus on Germany (e.g.,
the Wadden Sea, Elbe flooding), but also from an international perspective (e.g., deforestation in the
tropics, food security in Africa). The practical functions of the e-learning environment are based on
the online remote sensing application BLIF (www.blif.de, see Appendix A further details of access).
This educational software has been designed to improve the basic competences in the use of Earth
observation with optical and radar sensors. Both websites have been operating together for about
two years, resulting in important statistics, which were tracked by the website provider on general
parameters and internal statistics. Analyses of these statistics are included in the results.

The technical infrastructure was developed in close cooperation with an external IT company,
specialized in the design of websites and online platforms. In general, the e-learning system
geospektiv and the online remote sensing application BLIF are two different platforms, but were
developed on a common PostgreSQL database, joining the user groups of both platforms (see Figure 1).
PostgreSQL itself is the standard open source relational database management system, developed
by an independent community and is available free of charge. Users of the geospektiv homepage
thus only need to register once. In this framework, the platform geospektiv is used for authorization
and the administration of rights and user settings. Furthermore, specific statistics are tracked, and
learning modules developed and stored. BLIF, on the other hand, is used to track the common users’
records on remote sensing tools. This platform enables the users to administrate satellite imagery, or to
upload and implement external imagery resources. Users and administrators have direct access to
the BLIF and geospektiv back end, developed as a Pyramid web framework. As universally usable,
Pyramid is based on the programming language Python, providing manifold opportunities from
simple applications to complex web projects. From the back end, direct communication to the front
end is possible, developed with html (Hypertext Markup Language) and JavaScript. Therefore, we
used AngularJS, a web application framework for the client-side generation of the html website and
to extent the related html vocabulary. Access is granted after authentication, whereby the system
distributes the rights of the various user groups. The back end is running on a central server and
provides necessary services e.g., for administrators, the illustration and functions of the site. The same
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applies to the connection between the BLIF front end and the BLIF back end. Geospektiv and BLIF
offer a browser compatibility that is able to deal with the diverse technical requirements of common
browsers such as Firefox, Chrome, Opera, and Safari. All browsers connect to the web server via the
web addresses, which are in this case provided by Caddy. The web server Caddy is a http/2 web
server, which automatically produces https (Hypertext Transfer Protocol Secure) sites. The http/2 is
a further development of the former Hypertext Transfer Protocol (http), to optimize and accelerate
the transmission between the specific user browser and the internet website. The https standard for a
tap-proof transmission of data is an important requirement, especially when working with German
educational and governmental institutions. The web server requests the relevant information from the
web application framework, provided by AngularJS.
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The established software infrastructure is based on common, free accessible, and frequently used
products. It is thus possible to copy the architecture and provide similar e-learning environments with
own content or topics. However, the development relied on the strong technical expertise of the IT
company. In particular, the fine-tuning and iterative adjustment steps increased additional costs and
time expenditure considerably.

During an expert survey in 2017, the needs of UNESCO site managers regarding the potentials of
Earth observation for the monitoring and management of UNESCO sites were recorded and will be
presented in the results. By using Google forms, we received detailed feedback from 11 national and
international experts. The majority of questions was posed in an open way, providing the opportunity
for the experts to answer completely free and without limitations of specific categories. The results of
the questionnaire were used for the design of Space2Place and the further development of geospektiv
and BLIF. Of particular importance were the existing threats and the possible fields of application
within the UNESCO sites.
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The aforementioned Space2Place is the final outcome of our activities, offering an e-learning
module for adults to get a fundamental introduction into Earth observation and potential fields of
applications. Based on the developed learning materials and methods shown above, the structure of
Space2Place is described in detail in Section 3.3.

3. Results

For a better understanding of the strategy to empower UNESCO stakeholders, three distinct levels
of results can be differentiated. The first level of results deals with the technical implementation of the
e-learning system geospektiv. On the second level, results about the expert survey offering insights
in current Earth observation usage practices of various institutions, current challenges and future
potential are discussed. The third level of results describes the final Space2Place module, especially
designed for the needs of UNESCO stakeholders and similar external experts. By combining these
three distinct levels, the approach becomes clear and future potentials of the e-learning environment
are apparent.

3.1. Adaptive E-Learning System Geospektiv

As explained in the previous chapter, the e-learning system is designed for pupils, based on a
nation-wide curricula assessment. The high variety of different education formats in Germany on
which the almost 11 million pupils are distributed show the demand for specifically adapted learning
resources [26]. The implementation of Earth observation in German curricula aims at acquiring
the ability to independently obtain, analyze and evaluate geographical information from aerial and
satellite imagery. Accordingly, a competent interaction with digital Earth observation data is a
prerequisite [11]. During the development of the platform, all learning modules were intensively
evaluated by students and teachers in Germany. The various learning modules of geospektiv are
based on different geographical questions. All learning modules are implemented in a capacity
development program of the GIS-Station. Everybody can use these modules free of charge. However,
the GIS-Station also offers assistance to give teachers and students a greater understanding of the
modules and to promote their usability. New partner schools and teachers in general book a guided
exercise through a pre-selected module to test the application and functionality. This often takes place
in the facilities of the GIS-Station but is also possible through a set of iPads or laptops within the school
itself. After completing a first module, teachers tend to use the e-learning function to conduct their
courses independently with their school classes, in the framework of their lectures.

Notwithstanding the arrangement of the courses, geospektiv offers a range of advantages for
teachers and pupils besides the integration of new techniques and interactive learning methods: (I)
teachers can track the activity and results of every single student, also during the course. Thereby,
the teacher can immediately offer help and support when necessary. (II) The e-learning system offers
the possibility of adaptive learning and various learning paths are implemented in different modules,
creating the opportunity for self-guided and self-paced learning.

The concept of adaptivity is provided in three optional ways. The first option is based on the
selection of the user and his preferences (see Figure 2, box 4). At certain stages of the module, pupils
and teachers can choose different paths they want to follow. Whether students want to find out more
about the successful Landsat programme or the new Copernicus programme depends on their own
decision. The second option is based on the number of points achieved within the intermediate tests
and quizzes (see Figure 2, box 2). Pupils with higher scores receive more complex learning units
according to their abilities. Pupils with lower scores receive easier units to create the opportunity
for repetition and comprehension. The third option is based on timing. If pupils need more time
to complete a quiz compared to a predetermined threshold value, they will receive easier learning
units. This makes it possible for pupils that require more learning time to completely pass learning
modules and share a feeling of success. Since all learning paths meet at the end and each pupil ends
the module with the same concluding topic, the teacher can directly start the follow-up. Accordingly,
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personalization of modules allows for the promotion of gifted students and the support of students
with existing knowledge deficiencies at the same time.Geosciences 2018, 8, x FOR PEER REVIEW  6 of 16 
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Figure 2. Adaptivity of the e-learning system with individual learning paths, based on score, time, and
voluntary adaptivity.

Depending on the requirements and skills of the user, the e-learning system makes it possible
to create modules with varying content and levels of difficulty. Currently available in geospektiv
are four levels, which refer to German classes 5–6, 7–8, 9–10, and 11–13. The Organisation for
Economic Co-operation and Development (OECD) offers an excellent overview of the different
international education systems and various indicators within their reports through the interactive
Education GPS [27,28]. Furthermore, there are numerous publications that present GIS technologies
and their educational potentials in a pedagogical context. See for example Milson et al. (Eds.), who
provide studies about the integration of GIS in education for several countries around the globe [29].
In geospektiv, an additional level has been designed for adults via Space2Place, creating off-the-job
training opportunities. The duration of the modules is in general 90 min, which temporarily refers to
a double lesson in the German school system. It is not intended to use the modules autonomously
out of regular school lessons. In fact, they should be used accompanying a thematic unit to generate
new impulses and perspectives as well as to introduce the pupils to meaningful Earth observation
applications. To keep the motivation and attention high during this period, the modules were designed
to be interactive and multimedia content is also provided. The adaptive design of the system provides
the opportunity that learning modules can be used inside and outside of the classroom with external
devices such as tablets and smartphones. Furthermore, users have the freedom to choose their favorite
operating system or browser. An overview of the distribution of used browsers, operating systems,
and end devices in 2018 is shown in Figure 3.
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Results about the distribution partly reflect the current situation of IT infrastructure in German
classrooms. Smartphones, tablet PCs, and wireless internet are only slowly being integrated [30].
The number of devices in schools is correspondingly low. The majority uses desktop PCs to access
geospektiv (see Figure 4). Only a small proportion of participants use a smartphone or tablet to
access geospektiv. However, the responsive web design was adopted to offer a flexible handling of
the platform for the diverse devices. Both, smartphones and tablets, are represented with less than
10% of total users. This is in good accordance with the predestined use of the online remote sensing
application BLIF, for which the major amount of information has been developed for desktop PCs.
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Windows (incl. version 10 and 7) is the main operating system. However, also Mac, as operating
system of Apple, with more than 10%, is partly represented and thus almost identical with the market
shares of the leading operating systems in Germany [31]. These figures show that for extensive usage,
interoperability needs to be provided by an educational learning website as a critical factor. Even more
widely spread is the use of common browsers, which is in good agreement to the current market shares
of leading browsers in Germany, where Chrome, Firefox and the Internet Explorer are the most used
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browser [32]. For geospektiv in 2018, Firefox is leading with about 36%, followed by Google Chrome
with about 23%, and Safari with 11%. These three browsers cover only 70% of users. Especially the
Internet Explorer as default browser on Microsoft operating systems and Microsoft Edge should not
be neglected when dealing with educational websites for pupils and schools.

Independent of the used system or browser, all modules are based on a responsive design and
provide immediate feedback to the user. Accordingly, pupils and teachers can use the feedback to
reflect their learning progress and see what they have learned or where further repetition is necessary.
The users can save their current status to interrupt and continue the module at any time. This allows,
for example, the teacher to pause the module for additional interactions with the class. Of course,
users also have the option of repeating certain learning units.

3.2. Evaluation of the Expert Survey

The expert survey, which was conducted before Space2Place was designed and established, gives
a comprehensive insight into current applications of Earth observation as well as drawbacks in terms
of the UNESCO-sites. Table 1 provides information about existing threats for UNESCO heritages
sites, including biosphere reserves, main barriers for stakeholders to integrate Earth observation into
working routines and how stakeholders perceive Earth observation to be beneficial for their respective
individual organizations.

Table 1. Results of the expert survey, conducted at the beginning of 2017 with 11 experts coming from
various institutions.

Organization of the Expert Specific Threats Main Barriers Beneficial Applications

UNESCO-associated
organization

Manmade destruction
and war Software usage Management of

UNESCO sites

Governmental organization Urban development and
urban growth Lack of knowledge

Monitoring of changes,
impacts, and
interventions

Free consultant

Destruction and war,
natural disasters, climate

change, uncontrolled
human development,

tourism

Work overload, inability
to handle data correctly

Monitoring of land cover
changes, providing
accurate mapping,

detection of building
movements

Intergovernmental
organization

Climate change,
shipping, oil and gas
exploration, tourism

Unavailability of data,
interpretation and

ground-truth

Long-term monitoring of
large areas

UNESCO site Intensive land use Lack of time Updated information
base

UNESCO site Monitoring without
aerial photography

UNESCO site

Intensification of
agriculture,

fragmentation and
habitat loss

Unavailability of
ready-to use data,
already classified

datasets

Cost-efficiency

NGO related to UNESCO Urban sprawl, renewable
energies

Lack of time,
unavailability of data,

hard- and software
requirements, lack of

knowledge and
advantages

Landscape monitoring
(i.e., urban sprawl or
cultivation of fallow

areas
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Table 1. Cont.

Organization of the Expert Specific Threats Main Barriers Beneficial Applications

Scientific institute Flooding and salt
intrusion

Compromise between
large area and high
spatial resolution

Planning of interventions
incl. vulnerable areas

Private company Vegetation growth and
vandalism Coarse spatial resolution

Updated data
availability and

avoidance of field
investigations at

dangerous locations

Environmental protection
agency Climate change Unavailability of ready

to use data Larger spatial footprint

The diversity of institutions reflects the wide range of potential applications in the field of Earth
observation and related sciences as well as educational backgrounds. The list of specific threats
for UNESCO sites includes global challenges such as climate change and urban sprawl up to local
phenomena such as the impact of manmade destructions including vandalism. The information of
current barriers is sobering and reflects known drawbacks well [33,34]. Several times, the lack of
ready-to-use datasets, missing users’ knowledge, and technical requirements was mentioned. Since
Earth observation is often simply a tool for UNESCO stakeholders to improve the management
effectiveness of their sites, additional time for further education, besides the regular workload,
is limited. Accordingly, the lack of time to implement new tools and workflows was mentioned
a couple of times in the survey.

While the spatially precise mapping of large areas is also one of the key demands of stakeholders,
the choice of the sensor must be based on its capability to capture the desired information in the
observed environment [35]. The large variety of almost 100 available operating Earth observation
satellites by the end of 2013 [9] with their high variability in different sensor specifications are due to
the trade-off that has to be made between spatial, temporal and spectral resolution [36]. One of the key
tasks of capacity development initiatives is thus to enable UNESCO site stakeholders to choose the
appropriate Earth observation sensor with regard to their specific demands, the study time, and the
size and location of the site to be observed. This also meets the stated demand of the stakeholders to
improve the detection of impacts, the evaluation of interventions and the early detection of critical
changes by using up-to-date information with high cost efficiency (Table 1).

The Copernicus is the most ambitious Earth observation program and it will be soon fully
operational [30]. The freely available and free of charge datasets can be used in numerous applications.
Therefore, we asked the experts about their awareness of the Copernicus program. The results,
illustrated in Figure 5, show that the majority of respondents were not aware of the program, but
consider that it can be useful for their organization. Especially UNESCO site stakeholders themselves
seem to be less informed about the available Copernicus Earth observation data. Only about 1/3
already uses Copernicus data, which includes in particular private companies and UNESCO associated
organizations. Only one respondent, an intergovernmental organization, answered that they know the
Copernicus program, but that they are not relevant for their specific tasks. However, the cause for this
specific answer could be a lack of information.
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Accordingly, it is not surprising that Earth observation data is especially very often used in those
organizations where the awareness about the Copernicus Program is equally high. About 60% of
the interviewed experts use Earth observation data at least sometimes, reflecting the already high
importance of these datasets in 2017. However, still four of eleven experts rarely use Earth observation
data or not even at all (see Figure 6).
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3.3. The Space2Place Module

The major aim of the learning module Space2Place is to empower UNESCO-site managers and
planning authorities to incorporate data from the Copernicus programme into their daily working
routines. Besides regular used very high resolution optical satellite images, current research also
shows the potential of high resolution images such as Sentinel-2 images for the monitoring of
cultural and archaeological sites [13]. By using practical examples and exercises, the capacities of
stakeholders at UNESCO sites in the field of Earth observation should be enhanced. In addition to
the general objective of integrating Earth observation applications into the daily working routines
of UNESCO stakeholders, numerous intermediate objectives are useful. Space2Place should initially
strengthen general knowledge and enhance the ability to communicate about Earth observation issues.
This promotes the capacity to formulate needs and claim demands. The module was published online
as an introductory course in Earth observation at the beginning of 2018.

The module consists of 21 learning units, including four intermediate tests and one final
examination. Figures 7 and 8 give an impression of the usability of the GUI while Figures 9 and 10
show the usage of geospektiv and BLIF by students. Additionally, four links to the online remote
sensing application BLIF are implemented. The module is designed for a duration of 120 min and
registered users receive a graduation certificate at the end. The learning units are kept very broad to
present an overview as large as possible.
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knowledge of participants. The results of this quiz and other quizzes are the basis for the evaluation on
the final certificate.
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Due to manifold applications and availability of data, a specific focus was placed on the
Copernicus Program. Due to the different purposes of the satellites, various applications are possible,
reflected by the Copernicus Services: Atmosphere, Marine, Land, Climate, Emergency, and Security.
However, other data sources are also available within the module, providing the user with a wider
spectrum of usable sensors such as Landsat and RapidEye. As a result, the integrated application
examples are also kept without great detail, but will be specified for a deeper understanding by
additional future learning modules.

4. Discussion

The developed learning module Space2Place is the result of ongoing activities and the high
demand of capacity development and awareness raising for Earth observation applications in the
context of UNESCO-sites and the SDGs [37]. Especially since the UNESCO signed various conventions
on the use of space technologies in 2007 to strengthen monitoring activities of world heritage sites,
these aspects have gained importance [38–40]. As shown above, various applications such as for
example on natural disasters and natural hazards, like flooding already available to facilitate the
work of UNESCO-site stakeholders [21,22]. The potential negative impacts of the predicted climate
change will probably increase the necessity of an operational monitoring [41]. Applications on radar
satellites to monitor movements of single buildings or small-scale unites in a range of cm or even mm
will probably be introduced in the future [18,19]. Additionally, the use of Sentinel-2 images offers
various possibilities for monitoring UNESCO sites, which are e.g., affected by armed conflicts and
crises [13]. Another useful source of information are InSAR products and related knowledge, which
can be utilized by the stakeholders to improve their management and monitoring strategies [42].
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On the other hand, a variety of shortcomings limited the desired impact and widespread
participation of UNESCO site stakeholders on the technological progress through Earth observation.
Accordingly, educational programs are challenged by the variety of educational backgrounds and
intended purposes by the UNESCO stakeholders. Clearly, such multifaceted challenges cannot be
overcome by a standardized online education program alone. The developed Space2Place learning
module and further modules which will follow should act as initial starting points for individual users,
also to refer to other more advanced and specific offers. The setting in geospektiv and BLIF allows
the handling of both, optical and radar satellite images, covering the needs of a broad range of users.
A distinction into different e-learning modules for cultural heritage sites, often optimally studied with
radar data and natural heritage sites, which are often best observed with optical data, is therefore
not necessary. A smooth transition between different sensors, which can often be used in practice,
is feasible and necessary for an educational program covering the diverse UNESCO heritage sites.

As other studies show, maintenance and technical support of the e-learning platform is of major
importance [5]. According to the user statistics of geospektiv and written feedback, users are quickly
frustrated and show little understanding, if technical errors appear regularly or even permanently
and thus reduce the performance of the website. Furthermore, the rapid development in the Earth
observation sector requires regular adjustments and adaptation to the changing data availability.
Since the beginning of May 2018, BLIF offers the opportunity to incorporate Sentinel-2 satellite
images, possible via a connection to the German Copernicus data and exploitation platform CODE-DE
(https://code-de.org/), which is also the access point for information products of Copernicus services.

Ideally, e-learning offers should be supplemented by classroom events and face-to-face training.
Especially during the winter season, an increase in e-learning activities as indoor classroom activities
can be recorded. Particular emphasis should be placed on accompanying learning to enable direct
interaction between pupils, tutors and teachers. This also promotes social skills and communication
capabilities of pupils. By embedding external courses into classroom activities and the regular curricula,
cross-thematic and interdisciplinary approaches are encouraged. Nevertheless, focusing on didactical
aspects, distance and e-learning approaches also have numerous weaknesses. This includes e.g., often
a limited interaction with the teacher and other participants, decreasing motivation and technical
problems. There are also numerous obstacles in the field of didactics. This includes the disparate
perception of male and female users in dealing with e-learning programs [43,44]. More research is
necessary to implement these differences in current and future e-learning offers.

A blended learning strategy seems also more promising for UNESCO site stakeholders than
mere distance learning. Such approaches provide the opportunity to implement interactive inputs in
face-to-face trainings, opportunities for peer-to-peer networking, and the exchange on a peer-to-peer
level. These networks are not only important to increase the effectivity of learning, but also for the
daily working routines in managing UNESCO sites.

Various factors support the use of the e-learning modules and the remote sensing application
BLIF:

1. Personalization of learning paths based on the adaptive design of the website is probably the
most important factor for the application of geospektiv and Space2Place. By promoting fast
learning users and support slow learners, more efficient learning outcomes can be realized [45].

2. A crucial point is the award in terms of a graduation certificate by the end of each learning
module. In various countries, such certificates are part of the necessary prerequisites for job
promotions or financial compensations. Regardless of the content, the expected final certificate
additionally stimulates the brain‘s reward system, increases the motivation and reduces the rate
of termination during the modules [46].

3. Another important factor is the security of the website, especially if it is used in an educational
context in Germany. To control the access to forbidden websites or undesired changes in the
system, considerable restrictions on computers and networks are often set by administrators.
Accordingly, the website needs to be secured by https to be accessed, which is in the case of

https://code-de.org/
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geospektiv and BLIF automatically provided by Candy. However, this also requires that only
secure content is implemented in the learning modules, otherwise no https security can be
provided by the system.

4. The language barrier is another crucial factor, often resulting in a reduced understanding of the
learning units. Space2Place is currently offered in English to meet the standard in the global
education system. New courses will also initially be offered in English upon introduction.
The online remote sensing application BLIF is additionally available in German, French and
Italian as well as in Spanish soon. The e-learning platform geospektiv will be soon available in
Spanish as well, next to the default languages of German and English.

UNESCO was an active partner during the adoption of the SDGs and creation of the sustainable
development agenda [47]. UNESCO sites are important places for learning and creating opportunities
to implement sustainable development. Earth observation and its application can significantly
contribute to the 2030 Agenda as well as to monitor the progress for certain indicators [48]. Knowledge
sharing and education activities on an international level are necessary to facilitate the process of
implementing Earth observation data into working routines of heritage site stakeholders [48]. By trying
to fill the existing gaps in knowledge of site managers and other relevant stakeholders related to the
potentials of Earth observation, the offered e-learning environment can contribute to the preservation
of our heritage sites. Despite useful operating instructions and the help of user descriptions from
the internet, many of today’s remote sensing software packages are still very complex and cluttered,
especially for non-experts and users with less experience. The offered learning platform and online
remote sensing application does not claim to be complete, but serves as an easy and barrier-free entry
point into the field of Earth observation. Not all users will be transferred into Earth observation experts,
but the gained knowledge will enhance understanding about the Earth observation technology and
support the decision-making process.

By offering an e-learning platform, we can not only foster the use of Earth observation in general
and impart knowledge to the different stakeholders, but also address various SDGs and contribute to
the 2030 Agenda. One important aspect is the existing gender gap and under-representation of women
in STEM (science, technology, engineering and mathematics). This aspect is closely related to the quality
of education (SDG 4), gender equality (SDG 5) and the reduction of inequalities (SDG 10) as important
objectives of the United Nations. Several studies show that distant learning approaches can minimize
the existing gender gap and provide useful education opportunities for women [5,49]. Accordingly,
there is an urgent need to implement results of known studies about the differences of male and
female in participation of e-learning courses [43,44]. By integrating relevant results, geospektiv and
Space2Place can also assist to close the gender gap and promote women in STEM fields.

5. Conclusions and Outlook

The e-learning environment including geospektiv and BLIF is constantly under development
and expansion. New language packages will be added in the medium-term future. This includes
the platform itself, but also the translation of learning modules into other languages. The focus is on
translations into English, but courses with content in Spanish and French will follow. Accompanying
scientific research and evaluations set the focus in two areas. The first one concentrates on the difference
between pupils and adults, the second focus is on the mentioned gender gap and difference in learning
types between male and female.

New learning content in line with state-of-the-art didactical research will be added and a practical
introduction with didactic preparation will be made available. By using different cooperation, further
contact persons can be introduced to refer the UNESCO site stakeholders accordingly. This will extend
the network of stakeholders and lead to valuable linkages with Earth observation experts.
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Appendix A

Geospektiv (www.geospektiv.de) and BLIF (https://server2.blif.de/login) are freely available
for everyone. Interested users can access the websites and create an account by registering.
They automatically receive user rights as a teacher, which makes it possible to create group records for
single classes and to monitor the learning progress of individual students. Any questions or feedback
is possible through the contact e-mail address given in the websites. A member of the rgeo team takes
care of processing the request. In future video tutorials, the user will be guided through the remote
sensing software and the most important functions will be explained.
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