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Abstract
Man and map have had a special connection with each other for millennia. But the recent decades saw emergence of
various innovative geotechnologies, which have transformed this connection and have brought it to a new level.
Technologies like GNSS, remote sensing, and GIS have changed the way that society interacts with maps. The maps are
now dynamic, interactive, web-based, cloud-based, crowd-sourced, and having not lost the ultimate power to reveal a
location, analyze an event or tell a story. But is the full power of these geotechnologies well enough understood and
used by the general public? Is geo-literacy becoming increasingly valued? Using cloud-based and mobile mapping GIS
platforms, we have tested their potential as a tool that may enhance both school and university-level education in
geotechnologies. Several projects, dedicated to the informal and innovative way of teaching advanced geospatial
subjects are presented in this paper.
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INTRODUCTION
Man and map have had a special mutual connection for millennia. A connection that has helped to explore and
understand the world we live in. But the recent decades saw emergence of various innovative geotechnologies, which
have transformed this connection and have brought it to a new level. Technologies like the Global Navigation Satellite
Systems (GNSS), remote sensing, and Geographic Information Systems (GIS) have changed the way that society
interacts with maps. The maps are now dynamic, interactive, web-based, cloud-based, crowd-sourced, and having not
lost the ultimate power to reveal a location, analyze an event or tell a story. From mapping and publishing the location
of critical assets during disaster situation, or a simple Facebook check-in, the ordinary citizen has the necessary
technology right in his hand.
But is the full power of these geotechnologies well enough understood and used by the general public? Or, if we use
another term coined in the past decade – what is the level of geo-literacy in our society? Is geo-literacy becoming
increasingly valued, as the ESRI Education Manager Joseph Kerski asks [1]? May we – the educators and GIS
professionals, utilize these geotechnologies to elevate society‘s knowledge not only on geography, but also history,
environment, culture... actually on almost everything that surrounds us? Yes, we may. And this paper presents several
real attempts to do that. Using cloud-based and mobile GIS platforms, we have tested their potential as a tool that may
enhance both school and university-level education in geotechnologies. Several projects, dedicated to the innovative
and informal way of teaching advanced geospatial subjects are described, using ESRI‘s ArcGIS Online and Story Maps,
as well as Trimble‘s InSphere TerraFlex platform.

GEO-LITERACY AND SCIENCE COMMUNICATION
The past decade saw the origination and firm establishment of unique terminology, related to the ultimate importance of
geographic locations in the modern geotechnological world. Most of it uses the prefix geo to augment an ordinary
word‘s meaning. So, geo-awareness would be the technology that delivers our device‘s physical location to another
device or application, for the sake of delivering us back customized services or information. Geo-enablement will
leverage a simple non-spatial process, information, device or system with the power of location knowledge. The geo210
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fencing will not let us leave a virtual boundary without being promptly notified, e.g. by text message. The geo-caching
portal will take us on an exciting treasure hunting adventure. But to properly use such terminology, we may need to be
at least a little geo-literate.

Geo-literacy
Geo-literacy is a term adopted and made popular by National Geographic Education, which define it as a threecomponent platform, consisting of „the understanding of human and natural systems, geographic reasoning, and
systematic decision-making“ [2,3]. Plenty of projects involved in various geo-educational activities are currently being
performed on a global scale. A list of age-appropriate educational activities is available on the website „Kid World
Citizen“ [4], and one of the proposed activities outlines the mission of our team – „Surround kids with geography: study
maps, create maps, follow maps, play with maps. The more you develop their spatial intelligence when they’re younger,
the more kids will understand their place in this world“. Other important groups that we strive to educate are the
university-level students studying geotechnologies, as well as the general public. The usage of modern technologies to
convey our knowledge is a core method that our team incorporates – a couple of implementations are described in the
next sections. Thus we strive to promote the benefits of geotechnologies, which, along with bio and nanotechnologies,
are the three key skills and job markets identified by the US Department of Labor for the 21st Century.[5,6,7]
Other methods that we implement – like public talks, entertainment geo-events, informal educational activities, bring
our mission also close with the science communication movement.

Science communication
Science Communication is another term that arose in the last decades. One of the earliest occasions when the need for
wide-spread engagement of science with society was in 1985 when in the UK the Royal Society published its report on
The Public Understanding of Science, which became known as the Bodmer Report [8]. According to most researchers
this was the birth of an entire movement aimed at Public Understanding of Science. The Bodmer Report brought that
same year to the establishment of the Committee on the Public Understanding of Science (Copus) founded by the
British Association for the Advancement of Science (BAAS), the Royal Institution and the Royal Society. It’s main
goal was to make science and research more accessible to the general, non-scientific public. Science Communicator is
an official profession in the UK. In 2002 the first Professor of Science Communication in UK was named at the
University of West of England.
Science communication is practiced in a variety of forms nowadays, for audiences of different, well targeted ages and
professional backgrounds, geographic location or interests. These events bring together growingly interdisciplinary
teams, at the center of which are the scientists, but often in collaboration with artists, representatives of industry, public
authorities, the media, the NGO and civil sector, and even the clergy. Our team chose to combine science
communications methods and geotechnologies, particularly cloud-based GIS, which are becoming more and more
important in the everyday life of the whole society.

CLOUD-BASED GIS BASICS
With the advancement of new technologies, terms such as “the cloud”, “cloud technologies”, “cloud services” and “GIS
cloud” are increasingly being used. The American National Institute of Standards and Technology (NIST) defines cloud
services as “a model for enabling ubiquitous, convenient, on-demand network access to a shared pool of configurable
computing resources (e.g., networks, servers, storage, applications, and services) that can be rapidly provisioned and
released with minimal management effort or service provider interaction” [9]. The term “cloud computing” entered
common usage as early as 1997, when a company called NetCentric made an attempt to trademark “cloud computing”,
only to give up on the idea several years later. There have since been other attempts to trademark the term, none of
which proved successful.
Nowadays the aforementioned terms and the associated technologies are a crucial part of the advancement of
information technology and are an inseparable part of our everyday lives. In order to conform to various customer
needs, different cloud technologies have been developed, depending on the service [10,11,12]. These are:


Software as a Service (SaaS);



Platform as a Service (PaaS);



Infrastructure as a Service (IaaS).

At the core of the Infrastructure as a Service (IaaS) model lie computational resources (processor time, computer
memory, network computing). This model allows for the access of computational resources in an internet environment,
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the aim being achieving economic efficiency and enabling scalability. The Platform as a Service (PaaS) model gives
users access to infrastructure and software applications hosted in the cloud, in order to develop their own custom
applications. This model is most commonly used by web and software developers, since it provides a suitable
environment and a comprehensive infrastructure to support the development of applications.
The main feature of the Software as a Service (SaaS) model is that users of the cloud do not need to purchase additional
hardware, due the software being entirely hosted remotely. This model does not require software installation and
support on behalf of users, as they simply pay for access to the cloud application. As with many market goods, they can,
in some cases, receive free access when the cloud solution comes bundled with or is designed to entice the use of other
application suites and products. This is commonplace with cloud storage services. The SaaS model has many
advantages, one of the main benefits being that all cloud users work with the same software version, which allows for a
fast and easy exchange of information. When this model is used for geographic information systems (GIS), the Cloud
SaaS supports three other service models:


GIS-as-a-Service (GaaS);



Applications-as-a-Service (AaaS);



Imagery-as-a-Service (IaaS), where ready-to-use GIS datasets are available as Data-as-a-Service (DaaS).

The key benefit of these models is that they allow for the easier creation, management and exchange of large quantities
of data, including different types of maps and images. In addition to the types of cloud technologies, four levels of cloud
access have also been developed:


Private cloud: the cloud is owned or rented by a single client and is used exclusively by them;



Community cloud: the cloud is shared by several clients and supports a group of users, who have common
and/or homogenous interests and requirements;



Public cloud: the cloud is owned by an organization which supplies cloud services to a set of clients in
exchange for a fee;



Hybrid cloud: a cloud composed of several types of cloud services, which satisfy the requirements of users by
incorporating different features of the various cloud services.

The tools that our team utilizes for geo-education belong to the SaaS family of public cloud applications (Figure 1).
⃝ Amazon Web Services
IaaS

⃝ ArcGIS for Server
PaaS
GaaS

The Cloud

⃝ ArcGIS Online

SaaS

Geo-literacy enhancement
projects

AaaS

⃝ Trimble TerraFlex

DaaS

⃝ Trimble Data Marketplace

The storymap project

Mapping the Little Europe

Figure 11. Public cloud SaaS applications and related (colored) geo-literacy enhancement projects
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CLOUD GIS PROJECTS FOR GEO-LITERACY ENHANCEMENT IN BULGARIA
University of Mining and Geology „St. Ivan Rilski“
In 2015 the University of Mining and Geology (UMG) purchased enterprise-level licenses for a number of ESRI GIS
products, including ArcGIS Online. At the same time, ESRI Bulgaria announced a map making competition, which
results were to be presented at the 17th World GIS Day in November. In addition, in the winter semester of the 1st
academic year at UMG the new discipline „General Topography“ was given a start. A team from the Department of
Mine Surveying and Geodesy at UMG combined these events and developed a cloud-based GIS platform using crowdsourced effort from the 1st year students, which was consecutively sent to the competition.

ArcGIS Online
ESRI‘s ArcGIS Online is a cloud-based mapping platform that allow user access to dynamic, authoritative content to
create, collaborate, catalog, and share maps, data, and applications with each other, the entire organization, or the
public. This cloud is among the few complete GaaS solutions available on the market. It is configurable and consists of
several features:


Web apps – ready to use apps, developed for various groups: office, field, personal or developer users;



Web maps – a digital atlas, comprised of imagery, basemaps and authoritative maps and data on thousands of
topics - businesses, landscapes, climate, transportation, and oceans among others;



3D visualization and smart mapping platform – consisting of various intelligent tools for productive and easily
performed planar and 3D cartographic modelling;



Geo-spatial analysis functionality;



GIS administration platform



Marketplace – order point for imagery and vector data;

Embedded as a core ArcGIS Online functionality is the Web AppBuilder for ArcGIS utility, which provides the
following key features:


Create HTML/JavaScript apps that run on any device;



Build 2D and 3D apps using ready-to-use widgets;



Customize the app look with configurable themes;



Host apps online or on a user‘s server;



Create custom app templates.

Figure 12. Online capabilities of ArcGIS Online cloud [13]

The Story Map project
The GIS platform developed via ArcGIS Online‘s embedded tools has three main objectives;


to promote geotechnologies to both 1st grade students and their educators;
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to develop crowdsourcing and team working abilities among the students;



to inform the students about their profession and future possibilities for professional realization.

To fulfil these, the GIS product was composed of three main components:
1) web-app, 2) story map, 3) presentation map.
As to date, all developed cloud-based apps and maps are still online, and are constantly being updated. Brief
information about them follows.
1. The web-app is developed using the Web AppBuilder for ArcGIS utility. Named „Introduction in the
discipline“, it serves as a data collection, visualization and basic geoprocessing platform. Since it is available for both
desktop and mobile devices, using the provided data editing functions the students were able to add information about
themselves via their own smartphones – a method which they preferred the most. The students’ high-school address was
chosen as location data source. Additional layers from different public sources were added, including:
 Mining concessions; geology; geodetic firms, authorized to perform cadastral activity;


ESRI demographic layer; ESRI administrative layer;



Various raster topographic maps (M 1:5000 and 1:25000) (as web-hosted .kml files), and many others.

An example of the web-visualization for desktop and mobile devices is shown in Figure 3.

Figure 13; a), b). The „Introduction in the discipline“ web app: a) – desktop, b) – mobile device, developed using
student-sourced data and teamwork effort.
2. The story map was developed using the ESRI Story Map web-app. The Map Journal type of story map was
chosen as the type which fits best (Figure 4).
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Figure 14; a), b), c), d). Four slides from the Map Journal, dedicated to Mine Surveying and Geodesy as general, and
the possibilities for 1st year students at UMG in particular
A number of web-maps prepared via the web-app in the previous step 1, as well as from various online sources, plus
different media – photos, videos, were combined to create a GIS product that informs in a highly interactive manner the
students and the general public on the Mine Surveying and Geodesy discipline, and the interesting professional
realization opportunities it provides. Several geoprocessing tools of the web-app were utilized, among which DRIVE
DISTANCE and DENSITY. The former produced a layer which overlaid every student position and a 30 km distance
from its residence (Figure 4: c). The latter analyzed statistically the location density of the students, and the result was
quite interesting, yet expected – most of the participating 1st year students are coming from cities, close to the
established mining regions of Bulgaria (Figure 4: d, Figure 5: a,b)
The full story-map is available for review at the following address:
http://mgu.maps.arcgis.com/apps/mapjournal/index.html?appid=7f95465f89034c6ea7da5126ea2bba77
3. The presentation map (Figure 5) was produced using ArcGIS for Desktop software, version10.3, combining
vector layers, student photos, university ranking data, web-maps, info notes, attribute-leveraged symbology,
classifications, geoprocessed raster and other. The map entered the ESRI competition and was displayed at the 17
World GIS Day in Sheraton hotel, Sofia, Bulgaria. Together with other map products from the university, it redounded
for an award named „Long contribution to the development of GIS capacity in Bulgaria“, received by the UMG Rector
Prof. Lyuben Totev.
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Figure 15. The presentation map, entitled „Mine Surveying and Geodesy – the Graduation 2019 perspective“, with its
four sectors, dedicated to „“Graduates, demographics, statistics“ (a), „Mines, geology, economics“ (b), „Geodesy,
cadastre, roads“ (c), and the university ranking system.
This Story Map project is pioneering for UMG, and is currently used a starting point for other related endeavors at the
Department of Mine Surveying and Geodesy. It proves the powerful capabilities which the cloud-based GIS solutions
provide for university-level education purposes. Another powerful GIS solution, aimed at user-friendly mobile
component for geo-education of minors, pupils and the general public, is presented below.

Family events and science fairs
For several years our team applies cloud-based solutions for popularization of geotechnologies at various general public
events, notably the Sofia Science Festival 2014 and 2015, and the European Researchers’ Night 2014. Both events are
organized by the science communication pioneer for Bulgaria – the British Council in the face of Mrs. Lyubov Kostova.
In this paper we are presenting a different project, in an event organized by Parents Association – Bulgaria, in the
framework of the European Youth Week 2015, funded by the Erasmus+ EU program.

Trimble TerraFlex software
The TerraFlex software, part of the Trimble InSphere integrated cloud platform, is a flexible and configurable cloudbased solution for field data collection and real-time updating of geospatial information. It enables collecting attribute
rich and accurate geo-located GIS and asset information. TerraFlex consists of two components – mobile application
and web service. The mobile component provides fast and efficient geospatial data collection via devices working under
Windows Mobile, Android, iOS as well as tablet devices running Windows 7/8/10. Seamless data integration and
consistency is possible through multiple form templates. Field data collection assignments are grouped into projects that
are assigned to different users. Projects updates are pushed to field users and field data is sent back to the office,
automatically synced with a central server. Trimble TerraFlex is basically a SAAS cloud platform, and as such it takes
full care of database administration and management.
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Figure 16. The Trimble TerraFlex cloud workflow [14]

Mapping the Little Europe project
The capabilities of TerraFlex are freely available through a 30-day trial. Our team seized this opportunity and utilized
the mobile application and web platform to organize several geo-literacy enhancement and science communication
events, dedicated to young people – mostly teenagers and children. The message for such audience has to be clear and
yet very attractive. The interface of TerraFlex Mobile is user-friendly and thus appropriate for users who are neither
GIS nor GNSS specialists. This cloud-solution was used for the first time in an event during the Sofia Science Festival
2014 (Kamburov et al., 2015). After a short introduction into satellite-based geotechnologies, the event went on as an
outdoor geo-quest it the nearby park. There were few minutes to tell the rules, including the training how to use
TerraFlex on their personal smartphones and several Trimble Juno 3 handhelds in addition, and less than half an hour
for the players to find the hidden “treasures”. Almost all of them finished on time and this was beyond the expectations.
The fast training on GNSS and GIS technologies among young people proved successful.
A year later – in 2015, yet another quest, named “Mapping the Little Europe”, was organized. It was developed as a
geotechnological upgrade of the “The Little Europe” - already known paper-map competition, performed during an
annual event called Familathlon. The classic rules utilize a paper map with the locations of all 28 “European capitals”,
represented with educational and funny installations in the park, and getting stamps from all of them to prove they had
been visited. Easy to download and install in the field, TerraFlex came with the idea to help players on finding the
hidden locations using their own geo-enabled smartphones or tablets. Thus every participant would create his own
interactive map and preserve the memory of adventure through GIS. Though “Mapping the Little Europe” was based on
the same platform as the previously organized quest, the new one contained challenging differences. The players had to
navigate through a greater range to the “capitals” where they had to record new location features. But the greatest
challenge was that it was a day-long event – players started at different times and finished when they got back to the
initial spot after all 28 features had been captured.
All required rules and instructions were produced on special leaflets. The information had to be as comprehensive as
possible and yet simple and attractive, so the instructions were plain and fitted the two sides of an A4 paper (Figure 7).
A team of students in geodesy from the University of Mining and Geology were also available to answer questions from
participants (Figure 8).
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Figure 17. “Mapping the Little Europe” within a sheet of paper, with screenshots of the game interface and credits to
the sponsors from Trimble/Bulgarian Geoinformation Company, the University of Mining and Geology, and the
Bulgarian Cartographic Association.

Figure 8. The start-final spot: a team of students in geodesy give instructions to participants with geo-enabled
smartphones on how to log into the TerraFlex cloud-based app
Each player was given personal username and password to log into the mobile TerraFlex application. The number of
accounts was 100 due to software limitation. When logged in, users had to choose purposely created project named
“Mapping the Little Europe”. They were able to see all 28 places (as features named “Pointer”) on the map in
comparison to their current GNSS position, and as a list showing the distance and the direction to a chosen navigation
target. To create a new feature they had to choose the one named “I am in…” to tag at each “capital” and take a photo
for a keepsake. The project name, the two feature types and their templates were in Bulgarian which was a great
advantage in comparison to most applications that are often limited in the use of Cyrillic.
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The game was marked by the International Map Year 2015-2016. To note the event, as well to provoke a competition
and bring additional excitement, some beautiful awards were provided by the Bulgarian Cartographic Association.
Therefore the start-finish time of each user was recorded and their maps were checked either on their devices or through
the web platform. Diplomas were given to all participants. In comparison to the first game, the percentage of finalists
was less. The most likely reason was the large scale – both distances and number of spots to visit, which appeared to be
exhausting for children who constituted the uppermost part of the players. On the other hand, the successful participants
consisted of both people related to GIS and amateurs. That validated the ease of use, intuitiveness and qualities of this
technology for educational purposes.

Figure 9. All records were automatically synchronized to the cloud and validated through the web platform. The
tentative mapped “capitals” are marked with red dots, and the players’ records are in green.

CONCLUSION
Recognized by institutions like National Geographic and ESRI, the importance of a geo-literate society is paramount.
Experimenting with various modern geotechnologies and science communication methods, our team is searching for
new ways to leverage of possibilities of the informal school and university level education. Using state-of-the-art cloud
GIS solutions by Trimble and ESRI, we have developed several web platforms, dedicated to the promotion of
geotechnologies – a class of technologies that only the nano- and biotechnologies surpass. Some of these platforms,
described here, are already implemented officially in curricula. Our further work will continue with testing and
validation of open source solutions. We will be more than excited to meet other teams with similar interests, so we are
looking forward to hearing from you.
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