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Abstract. Content Management Systems (CMS) have been weéliedpior
Technology Enhanced Learning online. On the onalheaantext information
such as location information of content plays apantant role on GIS support
of map, and tracking location information is apgliavhich can be used to
support CMS. Additionally, CMS enhances a good wizgion and
management of content also for educational purpasemg others. It does not
however give users (teachers and students) a buidieols to arrange the
learning material flexibly. This paper reports ohetuse of a Content
Management System with GIS capabilities and digitaftytelling as means of
flexible and comprehensive learning, learning coht®rganization and
management. This is to be proved in the case sudie encouraging GIS
education among students.

Keywords: CMS, Storytelling, GIS Education, GIS operatioBgepContent,
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1. Introduction

Content management systems with GIS have beenywégrdlied in many fields of
the every day life such as e-commerce: order afidette of online products or real-
estate: location — price queries. In the educatiordustry, CMSs are widely used
lately, and they have been evaluated as a useaflfdo managing learning content.
The use of GIS in education on the other hand,bleen quite popular over the last
decades. A widely spread application of using @iSefducational purposes is history



courses. The visual and analytical tools of a Q& excellent for teaching history,
since stories are usually associated with a spatiporal dimension. However,
learningwith Geographic Information Systems (Gli&}her tharaboutGIS is mostly
common.

Popular ways of teaching GIS in schools or ersities are either commercial
desktop solutions which do not meet the today'sdeefor distributed services,
learning material and students, or e-learning ptatf that are usually not so flexible
in the way they use the learning material, the GBnmunity needs and the
traditional teaching methods. There is a need Iterraative educational methods to
be used in the GIS education field that will bedsh®n the management of GIS
content as learning material for GIS education aildprovide at the same time an
attractive way of teaching GIS. Storytelling, ore thther hand, is proven to be a
powerful educational tool, due to its great expressess and its capability to be
effectively applied to nearly any topic, thus in tlleieation of GIS too.

In this paper, a GIS Educational Tool (GET)ttli® being implemented in
Harokopio University of Athens is presented. TheTGEambition is to combine the
benefits of an open source CMS adapted to the @&ls) with the benefits of
storytelling as a means of teaching, so as to #i@ustudents’ interest in GIS
learning. Thus, the students are assignedhdaate a well-known story, by
emphasizing on the story’s spatiotemporal dimerssiarhile managing GIS content,
using GIS operations and collaborating to produee final result (the complete
story). The access to the GIS Educational Tool fetadents can occur at the same
time (concurrently) and in a non-specific orderytahronously).

Being basically a CMS platform, the GIS Edumadl Tool is quite flexible in
adapting learning content for different courses badoming an educational aid for
many other fields rather than the GIS field.

The paper’s structure is as follows: In Secfahere is a brief reference on related
to the research existing work and some of the besicepts met in the CMSs and
Storytelling and their contribution to the educatb field. In Section 3 the GIS
Educational Tool's architecture is presented, adl ves the implementation
architecture. Section 4 gives a detailed examplthefmethod the GIS Educational
Tool uses to teach GIS and Section 6 is aboutdbengials of future work that arise.

2. Related Work

In this Section, the basic concepts: CMS, GIS,y&#tling are presented as referred
in related researches and projects.

2.1. Web Content Management System as Educational Tool

Web Content Management Systems (WCMS) have becomefahe Internet’s most
powerful web educational tools. A Content Managenfeystem (CMS) is a Web
application that uses a database to create, edit, shore HTML content in a
manageable way [1].

A complete WCMS should offer:



* Division of Content, Structure and Presentation
» Management of assets - workflow

» Managing users and their roles

* Ability to import and export content

 Content Syndication

* Individualize the presented content

* Being extensible by scripts or modules

* Version-Management regarding content and assets
* Archiving content

* Publication

* Supporting the editorial process

In order to be suitable as educational toaV@MS should combine all the above
characteristics with a didactical aspect addedshkuld also be focused on the
acquisition of knowledge and learning-concerned rooimication between students.
WCMSs are usually implemented using popular seriptanguages like PHP. This
makes them really flexible regarding extensibil[th]. Additionally, extensibility
enables WCMSs to focus in a specific educatiored,asuch as GIS.

Among Open Source CMSs available today, thet mogular are: Joomla, Drupal
and Wordpress. Joomla and Wordpress are used akqastly worldwide (Fig.1),
however in Greece, Joomla is by far the most popDleen Source CMS used for
Websites as Google Trends Diagrams show (Fig. 2)

Scale is based on the average worldwide traffic of joomla in all years. Leam mon Scale is based on the average traffic of joornla from Greece in all years. Leam more
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Fig. 1. Joomla has been the most popuyl
CMS worldwide for the last 5 years
(Source: Google Trends)

2.1.1.CMS as Educational Tool for GIS

CMS targets at a wide user community and applinadiomains. Under CMS there is
a group of courseware management systems, spetsatigted at the educational
market. Some prominent courseware management systetade Blackboard Web
Client and Mobile [2], CLIX [3], and Moodle [4] etcThese coursewares are
addressed to a certain learner model and misseftegilgility in common.

! http:/ftrends.google.com



Most CMSs though, provide flexible and dynarmiterface for teaching; even
more for GIS teaching. For GIS educational purpotske term GeoContent is
introduced.GeoContents an abbreviation ofjeographic contentAs GeoContent we
define the information that is valuable to a spediudience based on its location. It
is generated by integrating data stored in a Ge@higdnformation System (GIS)
database with data stored in a non-spatial dat#dase

GeoContent is distinct from the establishedceph of geographic data. Generally,
geographic data refers to vector and raster fiteg spatiotemporally reference
attribute values. GeoContent, in contrast, refensweb content that has been spatially
referenced. This content may be text, such as émsdia articles, stories, and
books. It could also be multimedia material suclkidsos, photographs, music or 3D
models (Table 1). GeoContent thus, includes gegdgcadata, but in its most
simplified form: Latitude and longitude coordinatease added to the preexisting
content as metadata tags [5]. In this proposalSa@MS tool is used to manage both
geographic data and GeoContent to achieve the @iSational purposes.

Table 1. Types of Content used as learning material for @tlication and the
associated metadata standards

Content Type Geo-enabling Method Metadata
Vector Data . .
(point, line, Spatiotemporal attribute| s 10511 ¢ oG
values

polygon)

Raster Data Georeference ISO/TC211 & OGC

Text Geotagging Dublin Core, MPEG-7
Geoparsing

Pictures Geotagging MPEG-7, OGC
Videos Geotagging MPEG-7

3D Models Geotagging MPEG-7

There are several formats utilized to encodeyggphic location into metadata for
multimedia content, such as GML, HTML Geographicg3aKML, GeoRSS.
GeoContent is generated by the spatial referenanrig existing materials.
Consequently, GeoContent collection involves adqgira media item and then
assigns coordinate values to it. Media may be pbthifrom a variety of sources
including a really simple syndicate (RSS) feed,ollective multimedia repository
such as Flickr or YouTube, or files from a persor@inputer. Once acquired, there
are two ways to assign spatial coordinates to dméenit: geoparsing and geotagging.

Geoparsingsemantically analyzes textual data by identifyangd ranking place
names within the text [6]. The extracted locati@mes are then sent submitted to a

http://en.wikipedia.org/wiki/Geo-content



geocoding services which query gazetteers (placaenadices) for retrieval of
precise spatial coordinates including latitudegitude, and altitude [7].

Geotaggings the process of adding geographical identifigathetadata to various
media such as photographs, video, websites, orf@&f5 and is a form of geospatial
metadata. These data usually consist of latitudk langitude coordinates, though
they can also include altitude, bearing, accuratg,cand place nanies

Handling with geographic data and GeoContemat @MS enables users familiarize
with essential and basic GIS concepts such thoseribed above.

2.2. Storytelling as an Educational Tool

Both non-digital and digital stories draw attensasf the audience and make people
remember stories for a longer period of time dueinteresting plots, involved
emotions and strong expressiveness of narratidms eSsence of stories has not been
changed for thousands of years in spite of the gemeie of digital media. Stories are
one of the most important arts collected or credtgedhuman beings [8]. Stories are
everywhere. We hear them, we read them, we wrdentnd we tell them. We use
them to motivate others, to convey information amdhare experience. Frequently,
we engage in this uniquely human activity in cneativays and in doing so stimulate
our imagination and enhance our memory and visai#a skills. Our ability to
communicate not just our own experiences but tipeeances of others enables us to
transcend personal frameworks and take on widesppetives. This attribute,
together with its international, transhistorical dartranscultural usage, makes
storytelling a powerful learning tool. Across andthin disciplines, educators are
using storytelling to stimulate students’ critithinking skills, encourage self-review
and convey practice realities [9].

Digital storytelling combines narrative with himedia content such as photos,
streaming videos and recorded sounds and prodigi¢al dtories usually in the form
of a movie. Due to its great expressiveness anchjability to be #ectively applied
to nearly any topic, digital storytelling has bganposed for educational and learning
purposes, such as a pedagogic technique [10]. idddlty, Digital Storytelling
Association (DSA) de nes story-telling as follow®igital Storytelling uses digital
media to create media-rich stories to tell, shawkta preserve. Digital stories derive
their power through weaving images, music, nareatwnd voice together, thereby
giving deep dimension and vivid color to characteitiations, and insights”. This
illustrates that story telling can be used for stgaknowledge, and thus, learning
[11].

An example of a powerful Non-Linear Digital 8ttelling tool is developed in
Informatik 5 and is called “YouTell”. “YouTell” i;a multimedia based non-linear
digital storytelling system that contextualizes timédia artifacts with regard to
multimedia semantics and problems addressed bys.u$be stories are generated
based on the Movement Oriented Design technique [12

3 http://en.wikipedia.org/wiki/Geotagging



2.3.Projects Related to CMS, GIS and Multimedia Content

ACIS. [13] The Afghan Community Information System for Cullutderitage
Management (ACIS) is a multimedia-based geogragtimmunity information
system that integrates geographic information, imeltlia information, cultural
heritage information and collaborative aspectssingle information model. The four
main aspects of the system include “community”,og@phic information system”,
“multimedia standards”, “cultural heritage managatheMulti-language-interface
and multi-user-interface are supported for userdifferent countries and for users
working in different disciplines. Users can comnuaté with each other via email
and forum service. Certain search catalogue isdéffor sites and monuments. The
query results are displayed in maps that are gesterdynamically while graphic
spatial query tool supports user interactive q@eda the maps. Suitable metadata
standards are used to enhance multimedia informagmarch and retrieval and
thesaurus mediation service is launched to enhdrec@teroperability among users
working in different disciplines using differenteinologies.

Living Cybercartographic Atlas of Indigenousréfeectives and Knowleddé4].
The project main aim is to develop a 'living' oeliatlas of great lakes indigenous
perspectives and knowledge. This atlas will enhathee capability to recover the
systemic nature of traditional indigenous knowledne electronically interrelating
different forms of expressive culture (languagel eraditions, items of material and
visual culture, historical documentation). Thisaatls developed in collaboration with
members from different Indigenous communities ariith the Great Lakes Alliance
for the Study of Aboriginal Arts and Culture (GRABM\at Carleton University of
Canada. This atlas will serve as a repository fothe gathered related material,
enabling the community contribution. It allows coomity members to input
information in their own language through voice ufp story telling, video,
photographs, documents and other data. The reskitedledge will be translated
into highly interactive multimedia stories for edtional purposes. The transmission
of this knowledge is often difficult within the conunities, as young people do not
fully appreciate the value of this knowledge initheurrent environment. New
technologies are seen as ways to improve the tiasem of knowledge across
generations in indigenous communities by engagmmyg people in new ways.

PhilaPlac§l5]. PhilaPlace is an interactive Web site, created Hey Historical
Society of Pennsylvania that connects stories asqd across time in Philadelphia’s
neighbourhoods. PhilaPlace weaves stories sharedordinary people of all
backgrounds with historical records to present @terpretive picture of the rich
history, culture, and architecture of the neighboods, past and present. The
PhilaPlace Web site uses a multimedia format —uitioly text, pictures, audio and
video clips, and podcasts — and allows visitorsep their own stories in place and
time. One of the key goals of PhilaPlace is to tgachers and students to use the
PhilaPlace Web site to explore:

Place as a lens for the interpretation of histony eulture

Mapping as a tool for historical and cultural irgyui

Local history and how it informs our understandifidarger historical
guestions



Historical and cultural change over time especitiby city’s multiethnic
landscape

ECAI - Electronic Cultural Atlas InitiativfL6]. The ECAI project encourages the
development of a global digital cultural atlas whincorporates a federated
collection of hundreds of networked digital progcteated by libraries, museums
and archives, and by scholars in history, the hitiesrand the social sciences.
Toward this end ECAI has developed two ways of uiepdistributed cultural
materials:

The Cultural Atlas Portal links examples of culttatiases developed
globally into a Web Site with at Google Earth Brews

The ECAI Clearinghouse is a collection of spatioyeral datasets and
TimeMap mapspaces contributed by ECAI affiliatelseyr are linked
together through a metadata clearinghouse andliiedan a The TimeMap
java viewer,

Library of Congres§l7]. The Library of Congress, managing a great variéty o
historical documents and maps has developed vagictizgties in order to use this
material for educational purposes. They offer deractive, experience and focus on
a specific topic, rather than broad themes of theeAcan history. They require
teacher direction, but invite students to partigp&tudents can examine maps to
discover a new way of thinking about what was intgatrto the mapmaker, explore
historical documents linked to maps or understhed¢asons for different historical
events.

The previously described projects are dealimgthy with using GIS for Cultural
Heritage Management. They are however a valuablgcsoof inspiration for
imagining and designing a tool that will use th@aepts analyzed in this Section for
GIS Educational Purposes. The GIS Educational Twekented in the following
Sections, is a combination of CMS with GIS capéb#i tool that uses GeoContent
and Storytelling methods to teach GIS to students.

3. GIS Educational Tool - Description

The combination of a GeoCMS and Digital Storytglieads to a GIS educational

method that takes advantage of all the privilegeastianed in the previous Section.
A multi-tier architecture was selected for ihgplementation of GISEducational

Tool [18]. More specifically the architecture isrrawved to the following three tiers:

(Fig.3)

Application Tier
This is the topmost level of the application whtre Web Services are deployed. It
consists of a CMS platform, which encapsulates &18 storytelling capabilities, as
plug-in. Current GIS capabilities, should be enleghdy adopting historic map
infrastructures and story telling methodologies.

Service Tier
This tier acts as the glue component providing daadized access to data.
Concerning GIS capabilities, all images, featums eoverages will be served to the



application tier over the Internet, by a servert thmplements all the OGC [19]
standard interfaces. Additionally an OGC catalogl & used as a single point of
access to all OGC interfaces and multimedia repaeg respectively.

Data Tier
This tier consists of Database Servers. Here irdtion is physically stored and
retrieved. This tier keeps data neutral and inddeen from all the above tiers.
Specifically it consists of distributed network epatiotemporal and multimedia
database servers which could be located anywhefehirs by giving data their own
tier we improve scalability and performance of stamework.

Fig. 3. The GIS Educational Tool Architecture

The system that is being implemented to serve dezls of GIS education through
storytelling consists of the following technologias 4:

Application Tier: The most popular open-source §avipt library named
OpenLayers[20] was selected to enable unified access toralerneath OGC
interfaces

Service Tier: A server cloud consists of 3 servers:

0 GeoServef21]: An open source server providing WMS,WFS an@$V
[22] capabilities

0 GeoNetwor§23] Catalog server: An open sourcztalog application in
order to manage spatially referenced resourcesjduod by GeoServer,
through the web.

o Joomla[24]: An open source CMS server acting as a coatdor the
GIS storytelling framewaork providing also collabtiom capabilities to
the end-users.

Data Tier: A widely adopted open source databasesaamedostGIS[25]
was selected to provide storage and retrieval dhpebfor all spatial and
multimedia data.
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Fig. 4. The Implementation architecture of the system

4. GIS Educational Tool Methodology

The previously described architecture is the middle which can host various end
user applications. One of them is a GIS Educatidimal (GET) being developed in
HUA.

The application is a CMS plug-in, which aimsfailiarizing students with GIS
Concepts and Operations by narrating well-knowmiessp while taking advantage of
the CMS’s potentials in the management of GeoCdraad collaboration. The use
of GIS content as the learning media for GIS edanaénhances the educational
capabilities by applying GIS concepts in every haag step.

Specifically, the application provides two romeodels: Teacher and Students.
Teacher has all the administrative privileges amdinds the group of students
participating in a specific assignment. As an assignt we consider the visualization
and spatial querying of a well-known to the studestory. The way that both teachers
and students are managing the GIS content is ésisienthe course’s outcome (e.g. a
story describing events of the national historyfudents can only access specific
parts of the application, enabling them to coll@berto the story asynchronously
using GIS Operations.

4.1. Teacher’s role

Teacher’s obligations are mostly offline prepanatiof the underlying GIS layers.
Specifically, the teacher has to:



Choose the story that the students will be assigoedsualize and query. The
learning content provided can be any of the costdascribed in Section 3 (e.g.
Historical Text describing the National Border Ches since 180f)

Divide the story into phases according to theirgeral dimension (eg. Phase 1:
1800 — 1900, Phase 2: 1900-2000) .

Upload to the CMS for each phase, all multimeditadelated to the story in
order for the students to provide the appropriag¢antata (e.g. historical pictures,
texts)

Divide each phase into temporally sorted story shafs (e.g. The 1881
Agreement resulted to the annexation of the ardainds, an area in the north-
western of greece) . The snapshots are presenteceasr or raster layers
(Ipiros.shp) which are stored in PostGIS and seriveth GeoServer (fig. 5).
Additionally, a snapshot could be represented E&& file, which is uploaded
to the CMS directly

Each phase is assigned to a student, who is asketisualize the respected
shapshots and perform specific spatial querieshemt The assignments are
posted into the CMS either in public view or inyaiie messages.

4.2.Student’s Role

Student can access the learning platform using weely-browser. The student, in
order to attend the GIS course will have to:

Login to the CMS and get informed about the GlSgassent by accessing
the appropriate content (e.g. reading the Histbritaxt describing the
National Border Changes since 1800)

Locate all the multimedia related to his/hers assigstory phase

Create metadata for all the multimedia locatechnpirevious step using the
GeoNetwork Catalog Services. Thus, the student lfamaes with the
metadata standards and their importance in GIS&eie

Visualize all the snapshots contained in his/hsigagd phase. This step is
realized through a User Interface provided by th® Educational Tool. The
student has to declare the snapshot's format (Vectster, kml), the
shapshot’s location (GeoServer, CMS), and the $mjsstimestamp.
Perform Spatial Queries on the layers. Studenutjitahe GIS Educational
Tool can select: a layer, the searching critehia,dutput format. This way,
students familiarize with spatial querying concegst,well as the ability to
extract the desired information using standard &ism(e.g. from GML
documents)

As a last step, students have to participate inréiated to the course
quizzes, answering questions of comprehension atheutGIS operations
they have been using during their assignmeigt §).

http://el.wikipedia.org/wiki/ _ _(1881) - In Greek



Fig. 5. At the end of each course students have to takezepirelated to the course. Teacher
controls the quizzes through the administratorgep@ackend)

4.3. The final story

When all students have finished their assignmeatk,layers are enabled for
visualization in the correct temporal order. Easkrucan navigate through the story
asynchronously, visualizing each layer (WMS) andfqren spatial queries on it
(WFS).

An example of an overlay (region_ipiros.shp)tbe base map (OpenLayers) is
shown in fig. 6 The snapshot is used to tell tleeysabout the change of the greek
borders in 1881 when an agreement was signedanist. On the up right corner of
the map, a series of overlays created by students @aced in the correct
chronological order by the GET, can be enabledefaraduce the story that was
chosen by the teacher, in a GIS way. KML files cantribute to the storytelling as
well. In fig. 6 a KML file is visualized and is pvaing media related to a story’s
shapshot.

The target group of the current implementai®istudents with no previous GIS
experience. The framework, with minor modificatioosuld be suitable also for
advanced GIS users. Specifically, students can dake some of the teacher’s tasks
e.g PostGIS and GeoServer layer configurations.



Fig. 6 Example of a vector overlay (region_ipiros.shp}ioe base map (OpenLayers) and a
KML overlay (Averof's position)

4.4. Case Study - The IKYDA Project

A rich collection of GeoContent (historical texpdjotos, 3D models) is available for
students to be used in the GIS Educational Took tu the research project
“Promotion and enrichment of the Museum Archivestloé Battleship Georgios
Averof’® and the IKYDA project.

The research project “Promotion and enrichnodrine Museum Archives of the
Battleship Georgios Averof’ was launched in sprid@07 in the Department of
Geography at Harokopio University of Athens. Durthés project, the development
of the following systems and tools (http://averghdlias.net) with special focus in
the spatio-temporal dimension of the ship’s histwas completed [26]:

An Image Database

A Web Photograph Gallery

A Spatial Database of the ship decks
A series of Virtual Visits

A series of Web Mapping Applications
A Geographic Catalog server

In 2009, the research project “Non-linear BibBtorytelling for the Battleship G.
Averof” was launched and is a collaboration betwten Department of Geography
of Harokopio University of Athens and the Chair@émputer Science 5 (Informatik
5) of RWTH Aachen University. The project aimsta¢ promotion and enrichment of
the museum archives for cultural heritage managémasing storytelling
technologies.

® http://www.bsaverof.gr



5. Future Work

Inspired of powerful non-linear storytelling platfios (YouTell) the GIS educational
tool will provide “what-if" capabilities, that isl@rnative scenarios. Thus, users will
be able to create stories with the same set ofecbritut following a different
storyline.With the same multimedia content a story can be itola totally diferent
way. First, sequences of the multimedia content lmarmrganized irdiverse ways.
Second, the same multimedia content can be shayedr tbe usedto compose
different stories [8]. The non-linearity capabilitytbé tool makes the storytelling part
more interesting and thus, the GIS educational ¢@dhs popularity and efficiency
among student groups

Another benefit deriving from the non-lineaorstelling aspect is the potential to
create learning repositories by teachers and stsi@dewl create profiles for students so
as to be used in other educational fields too. Ndinearity is also a teacher’s aiding
tool to check learned knowledge by organizing exatidns material,

In a future approach, 3D modeling can be used technology enhanced learning
tool for GIS education. Under the IKYDA projectetl8D Model of the ship that is
currently being developed based on 3D scanningitdoby (a first result in Fig. 7),
can be used to visualize the crew's every day ilifethe ship, as extracted by
historical diaries available. The 3D model givesoasistent presentation of the ship
where multimedia will be allocated to the variousrtp of the ship. The Spatial
Database of the ship’s decks will be combined \fite Image Database so as to
associate the images with their location both Bcspand time.

Fig. A.first result of the 3D scanning of the B/S Avkro

6. Conclusion

This paper has presented an Educational Tool f& l&ding implemented in HUA.
The GIS Educational Tool is based on the combinatib CMS characteristics and
advantages, with a special report on the managem&r@®IS content and GIS
operations, and the possibilities of a more effitieducational method provided by
storytelling. Thus, GIS content is used as a |legrmhaterial for GIS teaching and



storytelling stimulates the audience’s interestngking the course a collaborative

game
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