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Abstract. Interactive urban-oriented multimedia 
systems are an integral part of the entertainment 
industry. Their combined computing, sensing, 
visualization and sonification capabilities of mobile 
devices, coupled with wireless Internet connectivity, 
offer a novel platform for development to the designers 
and a wide range of interactive features to the end-user. 
The field is clearly interdisciplinary as successful end-
systems have to balance hardware and software 
specifications, educational scenarios and 
methodologies, customized content design, aesthetics, 
usability, HCI and networking in order to cover the 
functional demands of each case study. This work 
reveals and discusses common design and software 
engineering issues that arise within the development of 
urban-oriented educational entertainment (edutainment) 
systems. Furthermore it presents an adaptive 
developmental methodology, which may be utilised to 
build new systems based on both the end-system’s 
functional complexity and the developer’s design and 
development capability. 
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I. INTRODUCTION 
The wide applicability of edutainment and urban-

oriented multimedia systems is demonstrated by the 
plethora of application domains cited in the literature 
[1]. These system feature a wide variety of uses [2] 
which are continuously enriched with the presentation 
of real-life applications in various areas that include 
tourism [3, 4], nomadic applications [5], storytelling [6] 
and game-based learning [7]. The extensive use of 
networked mobile devices is highly important within 
this application domain. They are actively used as 
interfacing tools [8] enabling data to be sampled and 
processed on the fly [9], presenting developers with a 
new platform for software development [10]. As 
mentioned above, their application range varies from 
information-based to educational systems that offer 
location-based interaction and content sampling within 
urban areas of interest. The availability of devices 
featuring varying capabilities and specifications pose 
both opportunities and problems to developers. Typical 
systems are characterised by increased developmental 

complexity as they feature a non-uniform array of 
interaction, sensing and processing capabilities, while 
they utilise different application-authoring 
environments. Characteristic application-areas include 
interactive city-guides and augmented reality platforms 
[11] that through the use of environmental data 
sampling, enable visual exploration and game 
development [12]. In this context, urban-oriented 
applications utilise the GPS capabilities and the camera-
input of the device in order to recognise the user-
location and transmit the information to web-based 
application layers for navigation, offering location-
based information. Those that today are characterised as 
typical uses may be extended in the near future, as the 
social aspect of urban-oriented applications, as 
researchers analyse the development process from the 
social perspective, where the end-systems are designed 
to fulfil specific human needs [13]. 

The development of systems that may be uniformly 
designed, developed, and deployed is problematic. 
Typical software-engineering processes may not be 
employed directly, due to a number of reasons: a. the 
devices utilised feature unique hardware specifications, 
b. they utilise different authoring environments and c. 
the interdisciplinary nature of the task in hand requires 
the cooperation of experts in various forefronts in order 
to successfully design and develop a project. However, 
these problems are also introduced in other areas 
including complex software projects [14], sensor-based 
systems [8], interactive New Media Art installations 
[15] and edutainment systems [16]. Our current research 
was performed within an edutainment and urban-
oriented software design course, intended for 
undergraduate art-students at the department of Audio 
and Visual Arts, Ionian University, Corfu, Greece. They 
are asked to design, implement and present publically 
an urban-oriented edutainment system. The evaluation 
targets content and system design, the development 
methodology, system adaptability and the end-user 
experience. This work targets the software engineering 
aspects of the development process. It analyses the 
technological convergence states and proposes a 
methodology that may be employed to simplify the 
system design analysis and identify system limitations.  



II. PROPOSED DESIGN AND DEVELOPMENT 
METHODOLOGY 

The design of application-software under 
multivariate urban-oriented edutainment systems may 
with certainty be characterised a complex problem. This 
is attributed to the fact that the system produced must 
cover specific content requirements for each application 
area, while it should also support the widest 
compatibility possible, enabling users to utilise their 
personal handheld devices. Our experience indicates 
that by employing a specific methodology that consists 
of design questions, provides answers for key issues that 
can be resolved before the design process is initiated. 
These include questions about: 

• identification of the content presentation 
requirements (obtained by querying the content 
expert) 

• selection of the appropriate authoring 
environment (based on content requirements 
and the developer’s knowledge and experience) 

• end-user limitations (hardware and software).  

The content presentation issue may be resolved by 
adopting techniques used in existing examples of such 
systems. For example, take an art-gallery presentation 
application. Here, a developer may decide to evaluate 
existing presentation technologies, analyse their 
approach and propose a system that combines the most 
appropriate features for the task in hand, that cover best 
the specific content requirements. In the case where 
another developed system is not easily obtainable, one 
may decide to consider edutainment theories, 
applications, techniques and physical real-life analogies 
in order to design the appropriate content-presentation 
methodology. Egenfeldt-Nielsen in his thesis examined 
the educational potential of computer games and 
contrasted that to non-electronic games [17], while 
others examined the typology of games and contrasted 
them to appropriate application areas [18, 19]. Content-
delivery is implemented through higher-order thinking 
[20] and intelligent techniques [21], supported by 
developing environments [22-25] and customised 
applications [26-28]. Also of great interest are the 
findings of researchers who study the future of 
edutainment and the practical application of emerging 
learning theories [29]. Real-life systems are also of 
great importance, as the lessons learnt from their 
application impact the development of complex systems 
and theories [24]. 

Furthermore, as concluded in [30] in the case of 
specialists audiences, obviously including applications 
designers, digital media are generally not believed to 
provoke isolation from the community, but to enhance 
creativity and initiative, instead. These audiences “hold 
a positive view of contemporary digital media and place 
a high priority to issues of usability and accessibility”, 
particularly in the case of special education. Although 
usability and accessibility issues should be an integrated 
part of every design process, the aforementioned 
conclusion underlines the necessity of addressing these 

issues in the realm of urban-oriented edutainment 
systems. 

Provided that the content presentation methodology 
has been decided, the developer must identify the end-
system requirements for the content types supported and 
the minimum processing, communication and supported 
hardware requirements. We propose the use of the 
following categorisation: 

• Application Type (Autonomous or Networked) 

• Content Characteristics (single media or 
multimedia, low density or high density) 

• Minimum Sensing Requirements (Compass, 
GPS, Camera, Microphone, Video Camera, 
etc.) 

Accurate description of the above characteristics 
directs the developer to select the appropriate authoring 
environment for the task in hand, a choice that affects 
directly the end-system produced. The developer may 
consider different choices of platforms, depending on 
the above requirements. For example, a thin-client 
solution may be employed for a networked application 
featuring low-density multimedia content where only an 
approximate GPS-based location may be needed. A 
Greek meteorological prediction service www.meteo.gr 
utilises this approach when mobile-phone data are used 
to request the weather report. The mobile application 
requests access to the location data from the phone’s 
GPS in order to deliver a location-based report, 
rendering the service compatible with the widest 
possible range of mobile devices.  

Other systems may require additional processing, 
networking and sensing capabilities, an issue that relates 
directly to the third issue that relates to hardware and 
software limitations introduced at the end-user level. 
Supporting networked high-density multimedia streams, 
multivariate sensing capabilities such as video capture 
and processing applications are typical characteristics 
that introduce significant strain on the hardware, 
compression and network forefront. In addition, the 
requirement for media-rich user interfaces is another 
factor that may increase the processing and HCI-
requirements. As a result, selection of specific mobile 
devices that can support the tasks in hand is advised for 
those cases. Under certain designs, limited application 
support for a small number of hardware platforms and 
operating system version may be required, in order to 
sustain the performance and provide a uniform user 
experience. 

III. CASE STUDIES 
A number of case studies of urban-oriented 

edutainment systems are discussed. They are 
categorised in terms of their geographical coverage in 
order to reveal common design and engineering issues 
that arise throughout development and reveal the 
complexities that are introduced when targeting 
different geographical application domains.  

The first case study entitled “Concept Art” targets 
the development of an educational application that 



augments art-based museum based content. The main 
learning objectives include the ability to recognise 
different artwork types of and ultimately render them 
capable to identify and correctly categorise works of art. 
The use of a museum setting provides a useful tool that 
visitors may employ to be introduced and explore the 
collection. This case study is characteristic of an urban-
system oriented towards a relatively small geographical 
area. Beyond the typical content requirements analysis, 
an important issue that came up was the way that the 
user location was identified within the implementation 
of the application. The use of GPS was not appropriate 
as its inaccuracy was increased within covered areas and 
buildings. As a result, the “Aurasma” augmented reality 
environment was selected which was executed on a 
smartphone and programmed to recognise real-life 
objects (real-life paintings were used for this case) and 
display multimedia information (audio, video) relating 
to that specific item. In addition, user-selection of the 
appropriate icon on the device activates a hyperlink that 
links to a specific web-page that reveals more 
information about the selected painting. This approach 
enabled the development of a fully functional system 
and the same method can be used for multiple other 
demonstrational settings, provided that network 
connectivity exists at all times. 

The second case study entitled “Old Fortress: Lost 
in Time” introduces an exploration game designed 
specifically for the first Venetian fortress, part of the 
Old Town of Corfu, Greece, which is classified by 
UNESCO as world heritage. This project targets visitors 
of the archaeological site who wish to find out more 
about the fortress and addresses these questions by 
teaming them up into groups and provides various 
explorative tasks that need to be accomplished under a 
specific time frame and require physical presence on the 
monument. As a result, we decided to develop an urban-
based edutainment system for this purpose. Our content 
analysis revealed a number of fact-based questions that 
required low-density multimedia streams to be delivered 
over the network, in a timed fashion. The user could 
receive the next question when the previous was 
correctly answered. If an erroneous response was 
received, then the users were prompted to visit the 
appropriate location and find out the correct answer. 
The issue here was the lack of network access at the 
fortress. Therefore the application was designed using 
Adobe Director 11.5, it was distributed at the entrance 
of the monument and it was pre-programmed to offer 
the full experience based on GPS-location. Erroneous 
user-response executes a routine that directs the user 
towards the point of interest, enabling to find the correct 
physical location. 

The third case study entitled “wE arE what wE Eat” 
introduces the development of a system that does not 
pose specific location-based limitations, yet it enabling 
users to improve on their consumer behaviour an be 
informed of possible alternatives near their location. 
Food-based product labels are being visually recognised 
by a camera-enabled device, which provides 
information about the additive substances included in 
each item. Their categorisation has been implemented in 

varying levels, indicating the possible side effects that 
they may cause to the consumer. At the first level, the 
user is informed and prompted to compare items until 
the product with the least side-effects is found, which 
should then be added to the basket. The user score is 
compared to other similar choices and a ranking is 
posted on the web, ranking the consumer choices for 
similar product items. As a result, the urban use of the 
system is not limited by physical location. 

IV. CONCLUSIONS 
In conclusion, the above methodology describes a 

three-step process, which is used to first specify the 
content presentation requirements, identify the hardware 
and software demands and finally decide on the 
selection of the appropriate authoring environment. Its 
application can be as loosely or strictly implemented by 
adjusting appropriately the level of detail for each 
system described. The future work involves the 
development of an expert system that through the use of 
simple questions may be used to identify the key 
characteristics of the target system, enabling further 
automation and abstraction of the software engineering 
process. 
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