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Abstract: Carinthias largest outdoor themepark MiniMundus exhibits over hundred miniature models of famous real-world historical and technological sights. Right now, most museums are offering standard audio-guides and printed maps  and folders to enrich the audience's learning experience with a broader range of information.

In cooperation with MiniMundus, our Department of Information Technology, 

located at the University of Klagenfurt, develops a new mobile multimedia guide. Video, audio and text based information provides enhanced and modern 

means for knowledge transfer. The presented information is adapted to various needs, interests and languages of diverse target groups like adults, pupils, or even handicapped persons. User behaviour, usage intensity or special interests can be tracked with our included statistics module, which allows immediate content adjustments to adhere the customer's needs.

The developed server/client environment for this mobile guide is easily reusable in various fields of e-learning like virtual exhibitions or distance learning, simply by adding different multimedia contents with our CMS (Content Management System).

Our first prototype runs on HP iPAQs, using WLAN IEEE 802.11b, web-based 

technologies and MPEG-4 video. Future goals are to include device-independent presentations with adaptive streaming support, location based services and UMTS/Bluetooth. 

1 Introduction

Carinthia’s largest outdoor theme park called “MiniMundus”, is a principal magnet of tourism in the area of the most southern provincial capital, Klagenfurt. Aiming at new visitors and more user satisfaction, the outdoor Museum MiniMundus started a co-operation with the Department of Information Technology, located at the University of Klagenfurt, to develop a new mobile multimedia guide. In contrast to conventional cassette audio tape exhibition tours, the presented museum guide system is implemented on Personal Digital Assistants (PDAs) and in our case the first prototype runs on HP iPAQs. Right now, standard audio-guides and printed maps and folders are available to enrich the audience's learning experience with a broader range of information. Basically, the presented multimedia museum guide plays the role of a personal guide assistant, so as to provide a multimedia touring experience for visitors in the mobile learning environment of the outdoor museum. 

The paper is organized as follows: chapter 2 shows the e-learning context of museums in general, where chapter 3 analyzes the role of MiniMundus as a tourism factor in Carinthia. Chapter 4 gives in detail information on our mobile multimedia museum guide, where chapters 5 and 6 illuminate the learning experience and user behaviour.

2 The Museum in the learning context
Museums face serious challenges in their educational role. Educating, relative to collecting, conserving, and exhibiting, is becoming more important for institutions that have a fairly comprehensive collection, want to attract new target groups or have children and families as their main target group, or want to undergo new technical developments. Yet, there is little evidence that museums are having much educational impact, at least beyond the affective level. “A potpourri of research has occurred in museums over the years which has provided a welter of facts about visitor movement through museums... These studies suggest that, unless the casual observer either has prerequisite knowledge, as directed to specific learning outcomes, or has specific learning intents of his own, it is likely that little learning will result from the casual perusal of exhibits [1].” 

But Museums do play a significant role in the learning context especially when interactive experiences, which may or may not be technologically enhanced, are provided. The best learning effects are gained when people are engaged cognitively, physically and emotionally [2], which is even more the case when it comes to children. In order to make any visit an involving and enjoyable experience, it should stimulate curiosity, creativity and fun [3]. Fortunately, many museums realize they are nowhere near achieving their educational potential and are looking for ways to increase their educational effectiveness. Children have to be able to explore concepts with physically interactive experiences, adaptive and reactive information, as well as to play roles of explorers, scientists and artists, and manipulate images, sounds and objects [4].

3 The Situation of MiniMundus

In recent years the financial situation of museums all over the world became more and more difficult: public administration is undergoing a severe budget crisis as well as museums and exhibitions are facing a decline in visitors. To attract new visitors and enter new markets concerning target groups, museums evaluate different and new ways in communicating with visitors. Therefore MiniMundus in cooperation with a Research Institution presents a new interactive learning technology.

MiniMundus exhibits 150 models of the most beautiful buildings from all five continents. Very close attention is paid to the smallest details, which requires comprehensive planning and preparation. The models look realistic because primarily original materials are used, like marble, sandstone, basalt, or tuff. MiniMundus has already become an Austrian "institution" - more than 15 million visitors have already enjoyed the theme park. Every year new models are being added, or old ones are replaced by new, thematic landscaping is being developed and a wealth of new ideas will be introduced in the near future. With a total of 300.000 visitors in the summer season of 2003, MiniMundus is among Carinthia's most popular tourist attractions.

4 MultiMundus: Multimedia-Augmented MiniMundus
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The MultiMundus project represents the pilot project of the M³-Systems Research Lab [5]. Its primary goal is the development of a multimedia-augmented presentation of selected exhibited models of the MiniMundus area on different mobile devices like Pocket-PCs, Smartphones, Tablet-PCs and Notebooks (see Figure 1). Thereby, different contents like texts, graphics, maps, audio and video sequences to exhibited models are adapted to the terminal capabilities of the device (like display size and colour depth) as well as to the preferences of the consumer (like language, age and interests). 
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In the first stage of expansion, the consumer should be able to navigate through a MiniMundus map interactively to get additional information (i.e. multimedia content) to selected models on a prepared mobile device, which can be borrowed at the MiniMundus entrance (see Figure 2). Thereby, the additional information is transferred selectively from a central server to the consumer device over a wireless network (IEEE 802.11g) by using standardized protocols. The multimedia-augmented presentations of the diverse models are easily creatable by a Presentation Designer, as well as publishable and maintainable on the server. The server-side part of the system enables the MiniMundus operator to query the latest statistics about visited models and duration of stay of each visitor. The presented information is adapted to various needs, interests and languages of diverse target groups like adults, pupils, or even handicapped persons. User behaviour, usage intensity or special interests can be tracked with the included statistics module, which allows immediate content adjustments to adhere the customer's needs.


At the end of the second stage of expansion, the consumer can get the multimedia-augmented presentations on her/his personal mobile device. Thereby, the content will be distributed over different wireless networks like Wireless LAN, Bluetooth and/or UMTS/GPRS, selectively. In this context, an implementation of moderated audio guides for travel groups is also planned. Moreover, various technologies for location-based services (eg. GPS, RFID) will also be evaluated in this phase. The consumer will get a multimedia-augmented presentation automatically to that exhibited model, which is closest to her/him and fits his personal needs and interests.

4.1. Local Guide

The local exhibition guide works without wireless network. The presented content of exhibited objects is adapted in advance to the capabilities of the consumer's device and provided on a storage card. 

The local guide is dedicated to situations where the environmental conditions do not allow a reasonable coverage with a wireless network (e.g. in caves), or when the consumer's device is not equipped with a WLAN adapter. In contrary to the networked guide, the local guide does not allow any real-time content or statistics about the usage of the guide in the exhibition area.

4.2. Networked Guide
The networked guide connects to a central server through a wireless network. In this scenario, the server adapts the presented contents to the exhibited objects dynamically to the capabilities of the consumer's device (screen, computing power) and to the preferences of the consumer (language, age, interests). 

The main advantages of the networked guide are the possibility to dynamically show real-time data from live-servers (e.g. content updates or even advertisement), and to query real-time statistics about usage of the system. The latter enables the operator to dynamically adapt presentations according to statistical results.
4.3. Content Management System
The Content Managemet System is a web-based application that facilitates the management of profiles, languages and object presentations on the server. This enables the presentation designer to upload various media contents (texts, images, videos, audios) to the server and to assign these contents to objects. The composition of the contents to an object presentation is possible with an integrated presentation editor. 

The main advantage of the CMS lies in the single provision of media contents in a high resolution and quality. If e.g. the known maximum screen resolution of a supported consumer device is 640x480 pixels, the video shall be provided in that resolution. When the presentation server (based our universities’ open-source Video ToolKit ViTooKi [6])  needs to serve a consumer device with a much smaller resolution, then it automatically adapts the video to a size appropriate for the requesting device. The same holds for all other kinds of visual content like images, texts or audio. 

4.4. Server Module for Real-time Statistics
The server module for real-time statistics is an optional component for the networked variant of the mobile exhibition guide. The module enables for an analysis of session-related information about the usage of a mobile exhibition guide, like consumed objects, visiting path in the area, or the selected profile. Due to the real-time characteristic of this module, the system can take care about the needs and interests of the consumer and offer her/him appropriate adapted content, dynamically. 

The statistics module is also available for the local and rentable variant of the mobile guide. However, real-time queries and analysis are not possible with this variant. Instead, the session-related data and the statistical results are available to the operator, when the consumer returns the guide at the end of the visit.

5 Learning Experience

Museums and exhibitions create an environment conducive to exploring not only the exhibited objects, but also new ideas and experiences. Visitors are free to move around and learn concepts, inquire and even apply what is leaned to their own worldview. A museum visit is thus a very personal experience encompassing both cognitive aspects, such as the elaboration of background and new knowledge, and emotional aspects that may include the satisfaction of interests or the fascination with the exhibit itself. Despite the inherently stimulating environment created by cultural heritage institutions, on their own they often fall short of successfully supporting conceptual learning, inquiry-skill-building, analytic experiences or follow-up activities at home or the school [7].

The optimal multimedia guide should support strong personalization of all the information provided in a museum in an effort to ensure that each visitor be allowed to accommodate and interpret the visit according to his own pace and interests. Simultaneously, a museum guide should also provide the appropriate amount of impetus to foster learning and self-development so as to create a richer and more meaningful experience. Digital augmentation offers a promising way to extend and enhance the process of learning for children, especially supporting the exploration and reflection when outside the classroom [8]. The use of mobile devices is particularly effective when applied to a context related activity, equipping learners with reliable tools that enable to learn anytime and anywhere using different types of perception. In addition, mobile technology can support social interaction, which is of primary importance for sharing information, ideas, constructing understanding and shaping knowledge [9]. 

A multimedia guide should not only satisfy visitors’ interests, but also take into consideration what they have to learn: orienting visitors, providing opportunities for reflection and allowing to explore related ideas, thereby greatly enhancing the visit's educational value. In essence, the guide can stimulate – especially for children - new interests and suggest new paths for exploring the museum. A system that supports visitors in their visit should take into account their agenda, expectations and interests as well as the peculiarities of a cultural experience in a physical environment. 

The developed server/client environment for this mobile guide is easily reusable in various fields of e-learning like virtual exhibitions or distance learning, simply by adding different multimedia contents with our CMS (Content Management System).

6 User Behaviour
To extend the educational reach to potential visitors of MiniMundus, gauging visitor behaviour becomes more and more important. Consistent interpretation of user behaviour usage intensity or special interests can be tracked with an included statistics module, which allows immediate content adjustments to adhere the customer's needs. It allows the museum to react to customers’ preferences while the visitor’s privacy has to be respected. MiniMundus does not collect information that personally identifies individuals except when individuals provide such specific information on a voluntary basis. For example, registration may be required for borrowing a PDA at the main entrance to assign the person to a certain target group. In all such cases, all information that is voluntarily provided by the user will be kept strictly confidential. Statistical analyses of user behaviour and characteristics, in order to measure interest and use of various sections of the exhibition, so as to improve focuses and navigation to gather marketing information can be of an advantage in the market. Only aggregated data from these analyses, not individual data, will be used for this purpose.

7 Conclusion

Museums play a significant role in learning contexts especially when providing interactive experiences. As the power of storage, computation and display technologies grew, handheld devices became more and more functional and suitable to play the role of mobile platforms for multimedia applications. Best learning results are achieved when people are engaged cognitively, physically and emotionally, especially when it comes to children. In behalf of providing a new experience for visitors in museums, exhibitions, theme parks or on sport events, our work brings up a PDA to be a professional multimedia tour guide. 

Besides from new and very individual learning experiences, one major benefit for museums or exhibition halls is to track user behaviour: duration in front of objects, usage intensity or special interests can be tracked with an included statistics module, which allows immediate content adjustments to adhere the customer's needs and to react to visitors’ needs.
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Figure 1: the MultiMundus scenario





Figure 2: the MultiMundus museum guide
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