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Abstract.  Content Management Systems (CMS) have been well applied for 
Technology Enhanced Learning online. On the one hand, context information 
such as location information of content plays an important role on GIS support 
of map, and tracking location information is applied, which can be used to 
support CMS. Additionally, CMS enhances a good organization and 
management of content also for educational purposes among others. It does not 
however give users (teachers and students) a bundle of tools to arrange the 
learning material flexibly. This paper reports on the use of a Content 
Management System with GIS capabilities and digital storytelling as means of 
flexible and comprehensive learning, learning content organization and 
management. This is to be proved in the case studies for encouraging GIS 
education among students. 
 
Keywords: CMS, Storytelling, GIS Education, GIS operations, GeoContent, 
geotagging, geoparsing, Multimedia, metadata 

 
 
 

1. Introduction 
 

Content management systems with GIS have been widely applied in many fields of 
the every day life such as e-commerce: order and delivery of online products or real-
estate: location – price queries. In the educational industry, CMSs are widely used 
lately, and they have been evaluated as a useful tool for managing learning content. 
The use of GIS in education on the other hand, has been quite popular over the last 
decades. A widely spread application of using GIS for educational purposes is history 



courses. The visual and analytical tools of a GIS are excellent for teaching history, 
since stories are usually associated with a spatiotemporal dimension. However, 
learning with Geographic Information Systems (GIS) rather than about GIS is mostly 
common.  
    Popular ways of teaching GIS in schools or universities are either commercial 
desktop solutions which do not meet the today’s needs for distributed services, 
learning material and students, or e-learning platforms that are usually not so flexible 
in the way they use the learning material, the GIS community needs and the 
traditional teaching methods. There is a need for alternative educational methods to 
be used in the GIS education field that will be based on the management of GIS 
content as learning material for GIS education and will provide at the same time an 
attractive way of teaching GIS. Storytelling, on the other hand, is proven to be a 
powerful educational tool, due to its great expressiveness and its capability to be 
effectively applied to nearly any topic, thus in the education of GIS too. 
    In this paper, a GIS Educational Tool (GET) that is being implemented in 
Harokopio University of Athens is presented. The GET’s ambition is to combine the 
benefits of an open source CMS adapted to the GIS needs, with the benefits of 
storytelling as a means of teaching, so as to stimulate students’ interest in GIS 
learning.  Thus, the students are assigned to narrate a well-known story, by 
emphasizing on the story’s spatiotemporal dimensions, while managing GIS content, 
using GIS operations and collaborating to produce the final result (the complete 
story). The access to the GIS Educational Tool from students can occur at the same 
time (concurrently) and in a non-specific order (asynchronously).   
    Being basically a CMS platform, the GIS Educational Tool is quite flexible in 
adapting learning content for different courses and becoming an educational aid for 
many other fields rather than the GIS field. 
    The paper’s structure is as follows: In Section 2 there is a brief reference on related 
to the research existing work and some of the basic concepts met in the CMSs and 
Storytelling and their contribution to the educational field. In Section 3 the GIS 
Educational Tool’s architecture is presented, as well as the implementation 
architecture. Section 4 gives a detailed example of the method the GIS Educational 
Tool uses to teach GIS and Section 6 is about the potentials of future work that arise.  

 
 

2. Related Work 
 

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

2.1. Web Content Management System as Educational Tool 
 

Web Content Management Systems (WCMS) have become one of the Internet’s most 
powerful web educational tools. A Content Management System (CMS) is a Web 
application that uses a database to create, edit, and store 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 tool, a WCMS should combine all the above 
characteristics with a didactical aspect added. It should also be focused on the 
acquisition of knowledge and learning-concerned communication between students. 
WCMSs are usually implemented using popular scripting languages like PHP. This 
makes them really flexible regarding extensibility [1]. Additionally, extensibility 
enables WCMSs to focus in a specific educational area, such as GIS. 
    Among Open Source CMSs available today, the most popular are: Joomla, Drupal 
and Wordpress. Joomla and Wordpress are used almost equally worldwide (Fig.1), 
however in Greece, Joomla is by far the most popular Open Source CMS used for 
Websites as Google Trends Diagrams show (Fig. 2) 
 
 

 
Fig. 1. Joomla has been the most popular 
CMS worldwide for the last 5 years . 
(Source: Google Trends)1 

 
 
Fig. 2 Joomla has been the most popular 
CMS in Greece 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 application domains. Under CMS there is 
a group of courseware management systems, specially targeted at the educational 
market. Some prominent courseware management systems include Blackboard Web 
Client and Mobile [2], CLIX [3], and Moodle [4] etc. These coursewares are 
addressed to a certain learner model and missed the flexibility in common.  
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    Most CMSs though, provide flexible and dynamic interface for teaching; even 
more for GIS teaching. For GIS educational purposes, the term GeoContent is 
introduced. GeoContent is an abbreviation of geographic content. As GeoContent we 
define the information that is valuable to a specific audience based on its location. It 
is generated by integrating data stored in a Geographic Information System (GIS) 
database with data stored in a non-spatial database 2 h 
    GeoContent is distinct from the established concept of geographic data. Generally, 
geographic data refers to vector and raster files that spatiotemporally reference 
attribute values. GeoContent, in contrast, refers to web content that has been spatially 
referenced. This content may be text, such as encyclopedia articles, stories, and 
books. It could also be multimedia material such as videos, photographs, music or 3D 
models (Table 1).  GeoContent thus, includes geographic data, but in its most 
simplified form: Latitude and longitude coordinates are added to the preexisting 
content as metadata tags [5]. In this proposal, a GIS CMS tool is used to manage both 
geographic data and GeoContent to achieve the GIS educational purposes. 

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

Content Type Geo-enabling Method Metadata 

Vector Data 
(point, line, 
polygon) 

Spatiotemporal attribute 
values 

ISO/TC211 & OGC 

Raster Data Georeference ISO/TC211 & OGC 

Text �  Geotagging 
�  Geoparsing 

Dublin Core, MPEG-7 

Pictures Geotagging MPEG-7, OGC 

Videos Geotagging MPEG-7 

3D Models Geotagging MPEG-7 

 

    There are several formats utilized to encode geographic location into metadata for 
multimedia content, such as GML, HTML Geographic Tags, KML, GeoRSS. 
GeoContent is generated by the spatial referencing of existing materials. 
Consequently, GeoContent collection involves acquiring a media item and then 
assigns coordinate values to it. Media may be obtained from a variety of sources 
including a really simple syndicate (RSS) feed, a collective multimedia repository 
such as Flickr or YouTube, or files from a personal computer.  Once acquired, there 
are two ways to assign spatial coordinates to the content: geoparsing and geotagging.   
    Geoparsing semantically analyzes textual data by identifying and ranking place 
names within the text [6]. The extracted location names are then sent submitted to a 
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geocoding services which query gazetteers (place name indices) for retrieval of 
precise spatial coordinates including latitude, longitude, and altitude [7].  
    Geotagging is the process of adding geographical identification metadata to various 
media such as photographs, video, websites, or RSS feeds and is a form of geospatial 
metadata. These data usually consist of latitude and longitude coordinates, though 
they can also include altitude, bearing, accuracy data, and place names3. 
    Handling with geographic data and GeoContent in a CMS enables users familiarize 
with essential and basic GIS concepts such those described above. 

2.2. Storytelling as an Educational Tool  
 

Both non-digital and digital stories draw attentions of the audience and make people 
remember stories for a longer period of time due to interesting plots, involved 
emotions and strong expressiveness of narrations. The essence of stories has not been 
changed for thousands of years in spite of the emergence of digital media. Stories are 
one of the most important arts collected or created by human beings [8]. Stories are 
everywhere. We hear them, we read them, we write them and we tell them. We use 
them to motivate others, to convey information and to share experience. Frequently, 
we engage in this uniquely human activity in creative ways and in doing so stimulate 
our imagination and enhance our memory and visualization skills. Our ability to 
communicate not just our own experiences but the experiences of others enables us to 
transcend personal frameworks and take on wider perspectives. This attribute, 
together with its international, transhistorical and transcultural usage, makes 
storytelling a powerful learning tool. Across and within disciplines, educators are 
using storytelling to stimulate students’ critical thinking skills, encourage self-review 
and convey practice realities [9].  
    Digital storytelling combines narrative with multimedia content such as photos, 
streaming videos and recorded sounds and produces digital stories usually in the form 
of a movie. Due to its great expressiveness and its capability to be effectively applied 
to nearly any topic, digital storytelling has been proposed for educational and learning 
purposes, such as a pedagogic technique [10]. Additionally, Digital Storytelling 
Association (DSA) de�nes story-telling as follows: “Digital Storytelling uses digital 
media to create media-rich stories to tell, share and to preserve. Digital stories derive 
their power through weaving images, music, narrative and voice together, thereby 
giving deep dimension and vivid color to characters, situations, and insights”. This 
illustrates that story telling can be used for sharing knowledge, and thus, learning 
[11].  
    An example of a powerful Non-Linear Digital Storytelling tool is developed in 
Informatik 5 and is called “YouTell”. “YouTell” is a multimedia based non-linear 
digital storytelling system that contextualizes multimedia artifacts with regard to 
multimedia semantics and problems addressed by users. The stories are generated 
based on the Movement Oriented Design technique [12]. 
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2.3. Projects Related to CMS, GIS and Multimedia Content  

ACIS. [13] The Afghan Community Information System for Cultural Heritage 
Management (ACIS) is a multimedia-based geographic community information 
system that integrates geographic information, multimedia information, cultural 
heritage information and collaborative aspects in a single information model. The four 
main aspects of the system include “community”, “geographic information system”, 
“multimedia standards”, “cultural heritage management”. Multi-language-interface 
and multi-user-interface are supported for users in different countries and for users 
working in different disciplines. Users can communicate with each other via email 
and forum service. Certain search catalogue is defined for sites and monuments. The 
query results are displayed in maps that are generated dynamically while graphic 
spatial query tool supports user interactive queries on the maps. Suitable metadata 
standards are used to enhance multimedia information search and retrieval and 
thesaurus mediation service is launched to enhance the interoperability among users 
working in different disciplines using different terminologies. 
    Living Cybercartographic Atlas of Indigenous Perspectives and Knowledge [14]. 
The project main aim is to develop a 'living' online atlas of great lakes indigenous 
perspectives and knowledge. This atlas will enhance the capability to recover the 
systemic nature of traditional indigenous knowledge by electronically interrelating 
different forms of expressive culture (language, oral traditions, items of material and 
visual culture, historical documentation). This atlas is developed in collaboration with 
members from different Indigenous communities and with the Great Lakes Alliance 
for the Study of Aboriginal Arts and Culture (GRASAC) at Carleton University of 
Canada. This atlas will serve as a repository for all the gathered related material, 
enabling the community contribution. It allows community members to input 
information in their own language through voice input, story telling, video, 
photographs, documents and other data. The resulted knowledge will be translated 
into highly interactive multimedia stories for educational purposes. The transmission 
of this knowledge is often difficult within the communities, as young people do not 
fully appreciate the value of this knowledge in their current environment. New 
technologies are seen as ways to improve the transmission of knowledge across 
generations in indigenous communities by engaging young people in new ways. 
    PhilaPlace[15]. PhilaPlace is an interactive Web site, created by the Historical 
Society of Pennsylvania that connects stories to places across time in Philadelphia’s 
neighbourhoods. PhilaPlace weaves stories shared by ordinary people of all 
backgrounds with historical records to present an interpretive picture of the rich 
history, culture, and architecture of the neighbourhoods, past and present. The 
PhilaPlace Web site uses a multimedia format – including text, pictures, audio and 
video clips, and podcasts – and allows visitors to map their own stories in place and 
time. One of the key goals of PhilaPlace is to get teachers and students to use the 
PhilaPlace Web site to explore: 

�  Place as a lens for the interpretation of history and culture 
�  Mapping as a tool for historical and cultural inquiry 
�  Local history and how it informs our understanding of larger historical 

questions 



�  Historical and cultural change over time especially the city’s multiethnic 
landscape 

    ECAI - Electronic Cultural Atlas Initiative [16]. The ECAI project encourages the 
development of a global digital cultural atlas which incorporates a federated 
collection of hundreds of networked digital projects created by libraries, museums 
and archives, and by scholars in history, the humanities and the social sciences. 
Toward this end ECAI has developed two ways of viewing distributed cultural 
materials:  

�  The Cultural Atlas Portal links examples of cultural atlases developed 
globally into a Web Site with at Google Earth Browser.  

�  The ECAI Clearinghouse is a collection of spatio-temporal datasets and 
TimeMap mapspaces contributed by ECAI affiliates. They are linked 
together through a metadata clearinghouse and visualized on a The TimeMap 
java viewer.  

    Library of Congress [17]. The Library of Congress, managing a great variety of 
historical documents and maps has developed various activities in order to use this 
material for educational purposes. They offer an interactive, experience and focus on 
a specific topic, rather than broad themes of the American history. They require 
teacher direction, but invite students to participate. Students can examine maps to 
discover a new way of thinking about what was important to the mapmaker, explore 
historical documents linked to maps or understand the reasons for different historical 
events.  
    The previously described projects are dealing mostly with using GIS for Cultural 
Heritage Management. They are however a valuable source of inspiration for 
imagining and designing a tool that will use the concepts analyzed in this Section for 
GIS Educational Purposes. The GIS Educational Tool presented in the following 
Sections, is a combination of CMS with GIS capabilities tool that uses GeoContent 
and Storytelling methods to teach GIS to students. 

3.  GIS Educational Tool - Description 

The combination of a GeoCMS and Digital Storytelling leads to a GIS educational 
method that takes advantage of all the privileges mentioned in the previous Section.  
    A multi-tier architecture was selected for the implementation of GIS Educational 
Tool [18]. More specifically the architecture is narrowed to the following three tiers: 
(Fig.3) 

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

�  Service Tier  
This tier acts as the glue component providing standardized access to data. 
Concerning GIS capabilities, all images, features and coverages will be served to the 



application tier over the Internet, by a server that implements all the OGC [19] 
standard interfaces. Additionally an OGC catalog will be used as a single point of 
access to all OGC interfaces and multimedia repositories respectively.  

�  Data Tier 
This tier consists of Database Servers. Here information is physically stored and 
retrieved. This tier keeps data neutral and independent from all the above tiers.        
Specifically it consists of distributed network of spatiotemporal and multimedia 
database servers which could be located anywhere in. Thus by giving data their own 
tier we improve scalability and performance of our framework. 

 
Fig. 3. The GIS Educational Tool Architecture 

 
The system that is being implemented to serve the needs of GIS education through 
storytelling consists of the following technologies fig. 4: 
 
�  Application Tier: The most popular open-source javascript library named 

OpenLayers  [20] was selected to enable unified access to all underneath OGC 
interfaces    

�  Service Tier: A server cloud consists of 3 servers: 
o GeoServer [21]: An open source server providing WMS,WFS and WCS 

[22] capabilities  
o GeoNetwork [23] Catalog server: An open source catalog application in 

order to manage spatially referenced resources, provided by GeoServer, 
through the web. 

o Joomla [24]: An open source CMS server acting as a container for the 
GIS storytelling framework providing also collaboration capabilities to 
the end-users.    

�  Data Tier: A widely adopted open source database server named PostGIS [25] 
was selected to provide storage and retrieval capabilities for all spatial and 
multimedia data.     

 
 
 



 
Fig. 4.  The Implementation architecture of the system 

 

4. GIS Educational Tool Methodology 

The previously described architecture is the middleware which can host various end 
user applications. One of them is a GIS Educational Tool (GET) being developed in 
HUA. 
    The application is a CMS plug-in, which aims at familiarizing students with GIS 
Concepts and Operations by narrating well-known stories, while taking advantage of 
the CMS’s potentials in the management of GeoContent and collaboration.  The use 
of GIS content as the learning media for GIS education enhances the educational 
capabilities by applying GIS concepts in every learning step. 
    Specifically, the application provides two role models: Teacher and Students. 
Teacher has all the administrative privileges and defines the group of students 
participating in a specific assignment. As an assignment we consider the visualization 
and spatial querying of a well-known to the students story. The way that both teachers 
and students are managing the GIS content is essential to the course’s outcome (e.g. a 
story describing events of the national history). Students can only access specific 
parts of the application, enabling them to collaborate to the story asynchronously 
using GIS Operations.  
 

4.1. Teacher’s role 

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



�  Choose the story that the students will be assigned to visualize and query. The 
learning content provided can be any of the contents described in Section 3   (e.g. 
Historical Text describing the National Border Changes since 1800 4) 

�  Divide the story into phases according to their temporal dimension (eg. Phase 1: 
1800 – 1900, Phase 2: 1900-2000) .  

�  Upload to the CMS for each phase, all multimedia data related to the story in 
order for the students to provide the appropriate metadata (e.g. historical pictures, 
texts) 

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

�   Each phase is assigned to a student, who is asked to visualize the respected 
snapshots and perform specific spatial queries on them. The assignments are 
posted into the CMS either in public view or in private messages. 
 
 
4.2. Student’s Role 

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

�  Login to the CMS and get informed about the GIS assignment by accessing 
the appropriate content (e.g. reading the Historical Text describing the 
National Border Changes since 1800) 

�  Locate all the multimedia related to his/hers assigned story phase  
�  Create metadata for all the multimedia located in the previous step using the 

GeoNetwork Catalog Services. Thus, the student familiarizes with the 
metadata standards and their importance in GIS Science. 

�  Visualize all the snapshots contained in his/her assigned phase. This step is 
realized through a User Interface provided by the GIS Educational Tool. The 
student has to declare the snapshot’s format (Vector, raster, kml), the 
snapshot’s location (GeoServer, CMS), and the snapshot’s timestamp.  

�  Perform Spatial Queries on the layers. Student through the GIS Educational 
Tool can select: a layer, the searching criteria, the output format. This way, 
students familiarize with spatial querying concept, as well as the ability to 
extract the desired information using standard formats (e.g. from GML 
documents) 

�  As a last step, students have to participate in the related to the course 
quizzes, answering questions of comprehension about the GIS operations 
they have been using during their assignment (Fig 5). 
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Fig. 5. At the end of each course students have to take quizzes related to the course. Teacher 
controls the quizzes through the administrator’s page (backend) 

4.3.  The final  story 

When all students have finished their assignments, all layers are enabled for 
visualization in the correct temporal order. Each user can navigate through the story 
asynchronously, visualizing each layer (WMS) and perform spatial queries on it 
(WFS).  
    An example of an overlay (region_ipiros.shp) on the base map (OpenLayers) is 
shown in fig. 6 The snapshot is used to tell the story about the change of the greek 
borders in 1881 when an agreement was signed in Istanbul. On the up right  corner of 
the map, a series of overlays created by students and placed in the correct 
chronological order by the GET, can be enabled to reproduce the story that was 
chosen by the teacher, in a GIS way. KML files can contribute to the storytelling as 
well. In fig. 6 a KML file is visualized and is providing media related to a story’s 
snapshot. 
    The target group of the current implementation is students with no previous GIS 
experience. The framework, with minor modifications could be suitable also for 
advanced GIS users. Specifically, students can take over some of the teacher’s tasks 
e.g PostGIS and GeoServer layer configurations. 



Fig. 6  Example of a vector overlay (region_ipiros.shp) on the base map (OpenLayers) and a 
KML overlay (Averof’s position) 

4.4.     Case Study - The IKYDA Project 

A rich collection of GeoContent (historical texts, photos, 3D models) is available for 
students to be used in the GIS Educational Tool, due to the research project 
“Promotion and enrichment of the Museum Archives of the Battleship Georgios 
Averof”5 and the IKYDA project. 
     The research project “Promotion and enrichment of the Museum Archives of the 
Battleship Georgios Averof” was launched in spring 2007 in the Department of 
Geography at Harokopio University of Athens. During this project, the development 
of the following systems and tools (http://averof.dynalias.net) with special focus in 
the spatio-temporal dimension of the ship’s history was 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 Digital Storytelling for the Battleship G. 
Averof” was launched and is a collaboration between the Department of Geography 
of Harokopio University of Athens and the Chair of Computer Science 5 (Informatik 
5) of RWTH Aachen University. The project aims at the promotion and enrichment of 
the museum archives for cultural heritage management using storytelling 
technologies.   
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5. Future Work 

 
Inspired of powerful non-linear storytelling platforms (YouTell) the GIS educational 
tool will provide “what-if” capabilities, that is alternative scenarios. Thus, users will 
be able to create stories with the same set of content but following a different 
storyline. With the same multimedia content a story can be told in a totally different 
way. First, sequences of the multimedia content can be organized in diverse ways. 
Second, the same multimedia content can be shared by or be used to compose 
different stories [8]. The non-linearity capability of the tool makes the storytelling part 
more interesting and thus, the GIS educational tool gains popularity and efficiency 
among student groups. 
    Another benefit deriving from the non-linear storytelling aspect is the potential to 
create learning repositories by teachers and students and create profiles for students so 
as to be used in other educational fields too. Non – linearity is also a teacher’s aiding 
tool to check learned knowledge by organizing examinations material,  
    In a future approach, 3D modeling can be used as a technology enhanced learning 
tool for GIS education. Under the IKYDA project, the 3D Model of the ship that is 
currently being developed based on 3D scanning technology (a first result in Fig. 7), 
can be used to visualize the crew’s every day life in the ship, as extracted by  
historical diaries available. The 3D model gives a consistent presentation of the ship 
where multimedia will be allocated to the various parts of the ship. The Spatial 
Database of the ship’s decks will be combined with the Image Database so as to 
associate the images with their location both in space and time.  

�
                                    Fig. 7 . A first result of the 3D scanning of the  B/S Averof 

6. Conclusion 

This paper has presented an Educational Tool for GIS being implemented in HUA. 
The GIS Educational Tool is based on the combination of CMS characteristics and 
advantages, with a special report on the management of GIS content and GIS 
operations, and the possibilities of a more efficient educational method provided by 
storytelling. Thus, GIS content is used as a learning material for GIS teaching and 



storytelling stimulates the audience’s interest by making the course a collaborative 
game.  

 
 

References 

 
1. Bergstedt S., Wiegreffe S., J. Wittmann, D. Mölle, Content Management 

Systems and        e-Learning-Systems – A Symbiosis? Proceedings of the The 3rd IEEE 
International Conference on Advanced Learning Technologies (ICALT’03)  0-7695-1967-
9/03 ,© 2003 IEEE 

2. Blackboard Inc. Homepage, www.blackboard.com/. 2010 (last access, February 2010) 
3. Imc. Advanced Learning Solutions. http://www.imc.de/, 2010 (last access, February 2010) 
4. Moodle. The documentation for Moodle. http://docs.moodle.org/, 2010 (last access, 

February 2010) 
5. Applewhite A., Farm2.0: Using Wordpress to Manage Geocontent and Promote  
      Regional Food Products, Master Thesis, Universitat Jaume I, Castellón, Spain2009 
6. Scharl, A. 2007. Towards the Geospatial Web: Media Platforms for Managing Geotagged 

Knowledge Repositories. In The Geospatial Web: How Geobrowsers, Social Software and 

the Web, 3-14. Ed. Klaus Tochtermann and A Schnarl. London: Springer��
7. Hill, L. L., G. Hodge, and D. Smith. 2002. Digital gazetteers: integration into distributed 

digital library services. In Proceedings of the 2nd ACM/IEEE-CS joint conference on 
Digital libraries, 427-7. New York, NY: ACM.

8. Klamma R., Cao Y, Jarke M, 2009, Storytelling in the Web 2.0 as a new means of creating 
arts.  Borko Furht (Eds.): Handbook of Multimedia for Digital Entertainment and Arts, 
Springer, pp. 623-650, 2009.  

9. McDrury J., Maxine Alterio, Learning Through Storytelling in Higher Education: Using 
reflection and  experience to improve Learning, Taylor & Francis e-Library, 2004, ISBN 0 
7494 4038 4, pp. 7-8 

10. B. R. Robin. Educational uses of digital storytelling. 
nternet,http://www.coe.uh.edu/digital-storytelling/evaluation.htm, 2008 [Letzer Zugri�  am 
01.05.2008]. Instructional Technology Program, College of Education,University of 
Houston.  

11. Spaniol M., Klamma R, Shalda N., Jarke M., Web-Based Learning with non-linear 
multimedia stories, Proceedings of ICWL 2006, Penang, Malaysia, July 19-21, 2006, 
Springer-Verlag, Berlin Heidelberg, LNCS 4181, pp. 249-263. 

12. �

� �� � � 	


� �



� ��

� �
�

�
�

� �

��

�
�

�

�

� �

�
�

�

� � � �

	

� � �

�� � � �

� � �

� � �

 

!

�

�

�
�

� �� �

�
�

�

� �

�

"

#

$ %

&#'

$ ( )

#'

* +

)

,
&#'

*

)

- .

'

$ %

/ 0

1 23

456

7 89

: ;

< = >

2
?

@ A

;

A

? B

C

D E

F G

13. Klamma R., Spaniol M, Jarke M., Cao Y., Jansen M., Toubekis G., 2005. A Hypermedia 
Afghan Sites and Monuments Database. In Proceedings of the First International Workshop 
on Geographic Hypermedia "Geographic Hypermedia: Concepts & Systems", Denver, 
USA, April 4-5, 2005, pp. 59-73. 

14. Living Cybercartographic Atlas of Indigenous Perspectives and Knowledge, 
http://atlas.gcrc.carleton.ca/glsl/Atlas_Intro/intro_page.xml.html (last access February 
2010). 

15. PhilaPlace, http://www.philaplace.org/educators/ (last access February 2010). 
16. ECAI, http://ecai.org/ (last access February 2010). 
17. Library of Congress, http://www.loc.gov/teachers/ (last access February 2010). 



18. Papadaki H., Gadolou E., Stefanakis E., 2009 Collaborative GIS platforms for 
Storytelling – Case Study: Battleship Averof. In Proceedings of the 2nd International 
Workshop on Story-Telling and Educational Games (STEG'09) in conjunction with the 8th 
International Conference on Web-based Learning 2009 (ICWL 2009) RWTH Aachen 
University, Aachen, Germany 

19. OGC, Open Geospatial Consortium, www.opengeospatial.org , (last access February 2010). 
20. OpenLayers, http://www.openlayers.org , (last access February 2010) 
21. GeoServer, http://geoserver.org/display/GEOS/Welcome, (last access February 2010) 
22. GeoNetwork Catalog, http://geonetwork-opensource.org, (last access February 2010) 
23. OGC, Web Map Service, Web Feature Services, Web Coverage Services, 

http://www.opengeospatial.org/standards, (last access, February 2010) 
24. Joomla, http://www.joomla.org/, (last access, February 2010) 
25. PostGIS, http://postgis.refractions.net/, (last access, February 2010) 
26. Stefanakis E., Kritikos G., 2008 The Battleship “G.Averof” Promotion and Enrichment of 

the Museum Archives. In Proceedings of the XXI ISPRS Congress, Commission IV, WG 
IV/1, Beijing, China. pp. 67-72. 

 

 


