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RELATED UNDERLYING TECHNOLOGIES

SUMMARY
This report documents the outcomes of the scoping study conducted on the leading-edge developments in
tourism information and communication technologies (ICT) systems and related underlying technologies. The
study focused on the three key areas: web-based intelligent systems (WISEs), location-based systems (LBSs) and
usability engineering (UE). It provides an overview of the current status of research in tourism ICT systems, and
proposes priority research directions and three industry-focused and interrelated projects.
The tourism industry is one of the leading application areas for intelligent systems and related technologies.
Ontologies are the core component of future WISEs. To provide a solid foundation for the Sustainable Tourism
Collaborative Research Centre’s (STCRC) projects in this area, an Australian tourism ontology (AUTO) should
be developed.
Mobile applications, along with LBSs, are set to play an important role in tourism. Targeted projects that
provide an opportunity for customisation and deployment in a variety of locations should be undertaken in this
area. Usability of these systems should be thoroughly tested before their release.
There is a need to integrate usability engineering within the research and development of tourism ICT
systems. The proposed tourism WISEs and mobile LBSs should be informed by usability engineering
fundamentals to enhance their efficacy and, therefore, customer acceptance.
Chapter 1 of this report provides a review of intelligent systems. Chapter 2 provides a review of mobile and
location-based systems, and chapter 3 covers usability engineering for tourism systems. Future research
directions are articulated within each section, and chapter 4 briefly describes the three suggested future projects.
Appendix A contains the presentations given by participants at a workshop held on 1 October 2004 at Victoria
University, Melbourne. Appendix B contains a presentation delivered at a seminar at Victoria University in
August 2003.

OBJECTIVES OF STUDY
• Investigate core ICT technologies and their application to sustainable tourism.
• Identify future research areas to support the STCRC’s strategic objectives.
• Develop a framework for research into ICT-based tourism products and systems.

METHODOLOGY
• Review recent tourism ICT research projects and their results.
• Classify tourism ICT research in a manner that will assist STCRC researchers in the future.
• Identify niche research opportunities to the benefit of the local tourism industry.

KEY FINDINGS
• The tourism industry is one of the leading application areas for web-based intelligent systems.
• Ontologies are the core component of future web-based intelligent systems.
• Tourism ICT systems should be informed by usability engineering fundamentals.

FUTURE ACTION
• An Australian tourism ontology (AUTO) should be developed, to provide a solid foundation for the
STCRC’s projects in this area.
• Undertake targeted projects that provide the opportunity for customisation and deployment in a variety
of locations.

vi

LEADING-EDGE DEVELOPMENTS IN TOURISM ICT AND

Chapter 1

INTELLIGENT SYSTEMS
The tourism industry depends heavily on information exchange, and therefore, data interoperability is necessary
to create dynamic markets and facilitate cooperation. The absence of a widely adopted methodological and
technological standard in tourism hampers efficient business-to-business exchange of information. To mitigate
this problem, participants in the tourism industry have developed, or are currently developing, their own systems
or standards. Consequently, small to medium tourism enterprises (SMTEs) are ‘lost in the electronic
marketplace’ in contrast to the larger operators and transnational companies that dominate the application of ecommerce in tourism services.
When accessing tourism information, there are two kinds of repositories:
• Large tourism operators that employing web technologies and marketing techniques that use a
centralised information system linked to in-house reservation systems.
• SMTEs which have simple websites that focus on providing ‘electronic brochures’. Dialogue with their
prospective clients often uses email as the underlying technology. They often need to link their website
to regional portals and share content with centralised tourism repositories.
However, if both offers are present on the web, their visibility to the users is very different.
Professional tourism operators promote one brand in a single website, where customised software operates
on a limited number of pre-structured packages.
Collectively, local tourism operators present thousands of elementary offers. There is no pre-defined
software package operating on top of these multiple user interfaces that is connected to various reservation
systems. Users of such systems face significant difficulty in building a complete vacation plan from these
disparate resources.
Therefore, there is a need to bring all these SMTEs and large organisations closer, and to develop standards
to facilitate the users in finding information and developing their own tourism packages. It can be accomplished
by using semantic web and its related technologies. ‘Semantic web is an extension of the current web in which
information is given well-defined meaning, and better enables computers and people to work cooperatively’ (Lee
1998).

Web-Based Intelligent Systems (Wises)
The European Union is funding various projects to apply intelligent systems and semantic web technologies in
tourism industry. The following is a brief introduction to two of these projects: Harmonise and Destination
Finder.
Harmonise is an ontology-based mediation and harmonisation tool (Dell’Erba, Fodor, Ricci & Werthner
2002). In coordination with other initiatives (EnjoyEurope, Fetish) and with the involvement of international
tourism organisations (ETC, IFITT, NTOs, and so on), it establishes bridges between existing and emerging
online marketplaces. It allows communication partners to keep their proprietary data formats and still have
meaningful interactions. The aim is to allow a dialogue among different systems by integrating otherwise
fragmented services, data and events into a common environment.
Another application of intelligent systems is Destination Finder. A Destination Finder is an advanced
searches engine that spiders (crawls) and aggregates information from a large number of European destination
marketing organisations’ websites throughout the European community. It makes detailed information available
through a simple preference-based search interface. Its objective is to make the web more usable for the common
traveller by assisting them to find useful destination information and make informed decisions. The key element
in this approach is the concept of ontologies, which facilitate a search by intelligent agents that can match a user
query to the available content. The system makes use of a tourism ontology-containing concepts, and a common
vocabulary that unlocks activity-related information in documents written in HTML and PDF formats.

Future Research Directions
Looking at the Australian situation, there is a need to adopt these emerging technologies and develop
applications that are sustainable and effective. To benefit from the evolving semantic web technologies, future
research should be carried out to develop the following, based on an Australian tourism ontology (AUTO):
• Semantic interoperability and mediated architectures.
• E-business frameworks supporting processes across organisations – virtual organisations.
• Mobility and embedded intelligence.
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•
•
•
•

Natural multilingual interfaces.
Personalisation and context-based services.
Information-to-knowledge transformations – data mining and knowledge management.
Intelligent search engines and recommender systems.

The following paper gives detailed information for developing an ontology for teaching multimedia design
and planning. This research study provides a formal method that will guide the process of developing an
ontology for intelligent tourism ICT systems.

Paper 1 – Ontology Based Intelligent Tourism Information Systems:
an overview of development methodology and applications
Roopa Jakkilinki, Nalin Sharda and Imran Ahmad; Victoria University

Abstract
The tourism industry uses Internet technologies extensively, despite some significant shortcomings. The
shortcomings of the current Internet technologies include information overload, difficulty in information finding
and extraction, as well as interpretation of the information between different resources. The semantic web, as the
next generation web, uses background knowledge about the meaning of the content stored in machineprocessable and interpretable form. Ontology can be used at the core of semantic web-based systems to develop
intelligent tourism information systems. This paper provides a brief overview of tourism ontology, its need,
development tools and process, and benchmark projects carried out across the globe in this sector. It concludes
with suggestions for future intelligent applications of ontologies and the semantic web for creating intelligent
tourism information systems that can enhance the web presence for small to medium tourism enterprises
(SMTEs).

Introduction
Recent advancements in the information and communication technologies (ICT) have introduced a fundamental
change in business as well as personal communications. This has caused a shift in traditional business models,
and consequently, in the way their information should be managed and utilised.
To a great extent, the tourism industry is an information business; therefore, to manage and provide efficient
services, different tourism companies form alliances when additional skills/resources are needed to fulfil the
business needs. For instance, travel agencies typically offer aggregated or value-added services composed of
components supplied by a number of different organisations. However, most of these organisations use
heterogeneous legacy systems for internal information storage, and use specific data models and different
computational platforms that lead to interoperability problems. This applies more often than not, to SMTEs.
When tourism information is looked at from a consumer perspective, there are two extremes: large tourism
operators using web technologies connected to a centralised information system linked to in-house reservation
systems; and SMTEs that use a simple websites as an electronic brochure. Often their communication with
prospective clients is via phone and email. They usually reference their website in regional portals or give their
content to centralised tourism repositories. Therefore, users have a lot of difficulty in accessing the required
information and plan their holidays with what they find on the web.
This problem is caused by the absence of widely adopted methodological and technological standards in the
tourism industry, and the lack of a universal standard vocabulary. The solution requires standardisation of
business models, processes and knowledge architectures.
There is a need to develop systems that allows a user/client to find appropriate information so that they can
plan their tours and vacations with SMTEs in the loop. This can be achieved by using intelligent systems, and
ontology can be used as the core of intelligent systems.
This paper discusses the purpose of developing tourism ontology, and its application in developing
intelligent tourism information systems. First, we present an overview of concepts underpinning ontology and
the processes used for its development. Next, we explore how intelligent ICTs are being applied to tourism
business across the globe. Finally, we articulate possibilities for further enhancements, and present our
conclusions.

Ontology Fundamentals
Ontology is an explicit formal specification of how to represent the objects, concepts and other entities that are
assumed to exist in some area of interest, and the relationships held among them. The ontology is developed to
2
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provide a clear definition of each term used in a domain. A further description of how to instantiate each term
can then be included in the ontological framework, along with examples. This ontology identifies key concepts
and related important terms in the context; thus, automatically building a thesaurus. Ontology can be edited and
refined as needed, allowing insertions of new themes, new relations and new terms.
We can classify ontologies as domain ontology and theory ontology (Swartout, Patil, Knight & Russ 1997).
Domain ontology provides a set of terms for describing some domain, such as medicine or computer
maintenance; where as theory ontologies provide a set of concepts for representing some aspect of the world,
such as time, space etc. Tourism ontology is a domain ontology, which will describe the terms in the domain of
tourism and the relationships between them. Figure 1 shows the overall process of developing and using
ontology. A domain specific ontology is developed with the help of ontology development languages and tools.
This ontology is then used for developing intelligent systems for that domain. Intelligent tourism information
system is the domain for tourism ontology.
Often ontology is developed to:
• Share common understanding of the structure of information among people or software agents;
• Enable reuse of domain knowledge;
• Make domain assumptions explicit; and
• Analyse domain knowledge.

Ontology development
languages and tools e.g.
Protégé 2000

Ontology

Intelligent applications of
ontology

Figure 1: Ontology as the core of intelligent systems

Development of ontology
Several ontology development editors have been created in the last few years. A comparison of all three tools
that can be used for ontology development is given by Jakkilinki, Sharda and Georgievski (2004). In this section,
we describe Protégé 2000, which is the preferred ontology editor.

Methodology and tools for developing tourism ontology
The methodology we follow is very much similar to the one proposed by Uschold and King (1995). Nonetheless,
we are also guided by the other methodologies. Figure 2 presents an overview of the methodology followed for
developing tourism ontology. The steps in this methodology include: identifying the purpose, ontology capture,
coding, refinement, testing and maintenance. Each of these steps are described in some detail in the following.
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Identify the purpose

Ontology Capture

Coding

Extra-coding
refinement

Intra-coding refinement

Testing

Maintenance

Figure 2: Methodology to develop ontology

Identify the purpose to develop the ontology
In order to identify the purpose it is important to answer the following questions:
• Why is the ontology being built?
• What is its intended use?
• Who are its users?
Tourism ontology will contain knowledge in the domain of travel and tourism for developing intelligent
tourism information systems. It will be used directly by the developer of the ontology, and indirectly by the user
of the intelligent tourism information system.

Ontology capture mechanism
Ontology capture consists of three different stages:
1. Determining the scope of the ontology.
2. Selecting a method to capture the ontology.
3. Defining the concepts in the ontology.
Determining the scope involves identifying all the key concepts and relationships in the domain. The
method used for ontology capture will be similar to that used in Object Oriented analysis and design. The
process of defining concepts in Ontology is also called categorisation, which involves taking closely related
terms and grouping them as concepts or categories.

Coding the ontology
Here coding refers to representing the ontology in a formal language. A number of ontology editors are available
to formally develop ontologies. A suitable editor to develop the ontology must be selected based on the
requirements of the domain and the functionality of the ontology. First, the main classes in the ontology are
entered as concepts, followed by their attributes and slots. Suitable tools to query the ontology are also required.
Ontology development is an iterative process; it involves developing a preliminary ontology that is refined with
time.

Refinement
Refinement consists of two phases: ‘Intra-coding refinement’, and ‘Extra-coding refinement’. Intra-coding
refinement involves the refinement done during the coding phase. As the code is being developed, if either some
errors are discovered or new requirements come up, the code is refined to correct the errors or fulfil the new
requirements. Extra-coding refinement refers to the changes done to overcome the errors that are uncovered
during testing, and enhancements carried out during maintenance.
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Testing
Testing uncovers defects in functional logic and implementation, and is carried out at all stages of development.
Once the knowledge base has been created, end-user tests should be carried out to uncover defects in the
ontology and/or the knowledge acquisition tool. Depending upon the problems encountered, appropriate changes
need to be carried out to the ontology – and, at times, to the knowledge acquisition process and tools – to
overcome any shortcomings.

Maintenance
Maintenance is the most important aspect of developing any software, including ontologies. Maintenance can be
corrective, adaptive or perfective. ‘Corrective maintenance’ involves considering the problems faced by the users
while querying the ontology and correcting the ontology to overcome these problems. ‘Adaptive maintenance’
involves modifying the ontology to fulfil new requirements in the future. ‘Perfective maintenance’ involves
improving the ontology, to further refine it.

Selecting Protégé 2000
We assessed Ontolingua, Protégé 2000 and OntoEdit free and compared their features. This study indicated that
Protégé 2000 and OntoEdit were far superior in their usability and ontology aspects as compared to Ontolingua,
and they can be locally installed. Both Protégé 2000 and OntoEdit free version 2.6 have user-friendly interfaces.
OntoEdit borrows its user interface partially from Protégé. Both tools allow plug-in frameworks, but the
shortcoming of OntoEdit free is that it does not provide a query tool, and a basic axiom feature (in its free
version), where as Protégé does. Protégé also has a ‘Protégé–discussion’ mailing list for answering queries and
providing technical support to the users. Also, our methodology is expected to be similar to the Protégé
methodology, making Protégé our ontology editor of choice (Jakkilinki et al. 2004).

Protégé 2000
Protégé 2000 is a Java-based ontology editor; it allows ontology implementation as an applet on the WWW. This
permits multiple users to share the ontology. The resulting ontology, which is implemented as an applet, is readonly. Users can read the ontology and perform queries on it, but the changes made by the users are not saved.
Some of the terms that form the basis of Protégé 2000 are classes, instances, slots and forms (Knublauch
2003). These terms are described in the following (see also Figure 3):
• Classes are named concepts from a domain; and can have attributes and relations. Protégé classes are
comparable to Java or UML classes, but without attached methods. Protégé supports multiple
inheritance, where classes can be abstract or concrete. Only concrete classes can have instances.
• Instances are specific entities of a given class. Protégé automatically generates forms that can be used to
populate the instances.
• Slots are attributes or relationship between classes. A slot has a name and a value type. Protégé supports
the primitive value types Boolean, integer, float, and string. Apart from primitive values; slots can also
refer to the model's instances and classes. Slots can be used to build relationships and associations
between instances and these slots store either single or multiple values. Slots are similar to object
oriented attributes and relations, the difference being that Protégé 2000 slots can be attached to multiple
classes.
• Forms are automatically generated to populate the instances; these graphical forms contain text fields,
radio buttons, check boxes, combo boxes, lists, and other widgets to make editing as convenient as
possible. These automatically generated forms are not always perfect, but the user can change the types
of widgets and their layout with a little effort.

Protégé methodology
For the development of a successful Protégé 2000 project, a series of steps have been proposed (Protégé 2000,
user guide), namely:
• Step 1: Plan for the application and expected uses of the knowledge base. This usually means working
with domain experts that have a set of problems that could be solved with knowledge-base technology.
• Step 2: Build an initial small ontology of classes and slots.
• Step 3: When the ontology has been built, use forms to enter instances into the ontology. Protégé 2000
automatically generates forms in its role as a knowledge-acquisition tool generator.
• Step 4: These forms can be used to acquire values for the test sequences, and then shown to domain
experts and end users so that their feedback can be used to make any revisions, if necessary.
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• Step 5: Forms can be customised to form a refined knowledge-acquisition tool; while doing this, further
design problems in the original ontology may surface. If necessary, revise the ontology and repeat step 4.
• Step 6: Build a larger knowledge base that can be tested with the application or problem-solving method.
• Step 7: Test the full application with end-users. This step can lead to further revisions to the ontology and
the knowledge-acquisition forms.

Ontology

Consists of

Class 1
Attributes
• Slot 1
• Slot 2
• Slot m

Relationships

Connect
Classes

Class 2

Class n

Attributes
• Slot 1
• Slot 2
• Slot n

Attributes
• Slot 1
• Slot 2
• Slot p

Has

Instance 1

Instance q

Populate

Populate

Forms

Figure 3: A Conceptual View of a Protégé–based Ontology
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Need of Tourism Ontology
Most tourism information available through the Internet consists of static pages in HTML format, making it
difficult to process and interpret their content by application software. This is an obstacle for implementing
intelligent services that generate an aggregated ‘service’ by assembling contributions from different sources of
information. However, some classes of information available through HTML pages on the Internet are
dynamically derived from heterogeneous databases first (for instance, information accessible via CGI interfaces),
and then made available through dynamic HTML pages; for example, information about hotel rooms or flight
availability.
Java and Java-based tools can be used to support brokerage of information among heterogeneous platforms
and environments. New data exchange platforms, such as XML, facilitate the management, interoperation and
execution of different computing services offered by tourism enterprises. However, to handle and interpret this
information, it is essential to know its semantics, and how it relates to the data structures and semantics at the
receiving nodes.
Efforts in standardisation of definitions and concepts are now becoming essential for tourism. It is essential
to invest in a common ontology that can bridge the semantic gap among different information sources and assist
the development of intelligent tourism information systems. Creating one large set of data descriptions for the
entire field, and used by the entire tourism community is impractical. Therefore, methodologies for reconciling
various ontologies need to be explored.
Figure 4 shows a prototype tourism ontology developed in Protégé 2000, and Table 1 shows some themes
and terms used to develop this ontology.

Figure 4: A screen shot of a prototype tourism ontology developed in Protégé 2000

Table 1: Some themes in tourism ontology and corresponding terms
Themes

Terms

Skiing

Winter sport, cross country skiing, skiing, downhill skiing, downhill skier, downhill skis,
downhill ski, skied, skier, skiing, skis, snow board, snow, snowboard, snowboarder,
snowboarding, snowboards, snowmobile …
Swim, swimmers, swimmer, swimming pool, water sports, splash, water fun, water sport,
dive, diver, dives, dived …
Dine, appetiser, bistro, cafes, cafeteria, chef, cuisine, delicious, dessert, dining out, dish, eat,
eateries, eatery, eating, eating out, eats, food, fusion, gourmet, hors d’oeuvre, main course,
meal, meat eater, menu, plat du jour, restaurant, salad, salads, scrumptious, soup, soups,
specials, table, tables, vegetables, vegetarian

Swimming
Dinner
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Applications of Tourism Ontology
Some of the leading-edge tourism ontology based projects currently underway around the world are described
here briefly.

Harmonise
The European project ‘Harmonise’ provides a mapping tool, which instead of changing information and structure
of its source, focuses on a process where standardization of data structures takes place in actual data transfer. It
aims at building a technological infrastructure based on a shared ontology, to enhance cooperation between
European SMEs in the tourism sector. ‘Harmonise, is an ontology-based mediation and harmonisation tool’
(Dell’Erba et al. 2002), that, in conjunction with other initiatives (EnjoyEurope, Fetish) and with the
involvement of international tourism organisations (ETC, IFITT, NTOs, and so on), establishes the bridges
between existing and emerging online marketplaces. It allows the communication partners to keep their
proprietary data formats and simultaneously allow interaction. The aim is to allow a dialogue among different
protocols and transform fragmented services, data and events into a common environment where those can be
easily and transparently distributed.

Destination finder
Another application of intelligent systems is Destination Finder (Delgado & Bowen 2003). The Destination
Finder is a search engine that spiders (crawls) and aggregates information from a large number of European
destination marketing organisation websites throughout Europe and makes detailed information available
through a simple preference-based search interface. Its objective is to make the web more usable for the common
traveller by supporting them in finding required destination information and make informed decisions about their
travel plans. Travel ontologies allow it to map concepts to content. Such a system makes use of a tourism
ontology that contains themes and a vocabulary that uses activity-related concepts in textual documents such as
HTML pages and PDF travel brochures, to guide its search.

m-ToGuide
Tourists require information about many topics such as accommodation, facilities, and routes etc. m-toGuide is a
mobile electronic tourist information guide that provides ready access to such information to the tourist over
mobile services (m-ToGuide 2005). It is a mobile tourist guide targeted for the European tourism market, which
offers tourists a broad range of information and services. A handheld terminal is used to exchange information
between the m-toGuide system and the tourist cellular telephone networks form the backbone of the network. All
information and services are location based and are according to the end user profile.
The m-ToGuide can show the tourist their location using the most suitable format of map or photograph. It
might then direct them to the next point and identify the best available transportation. Further, m-ToGuide would
propose a list of worthwhile attractions or entertainment options that are nearby and relevant in terms of time.
Should the tourist accept, m-ToGuide would propose purchasing their tickets or placing a reservation. The mToGuide system incorporates intelligent decision processing.

IM@GINE IT
The IM@GINE IT project aims to develop a single access point through which the end user can obtain locationbased, transport information (static and dynamic), mapping and routing, navigation and other related services
everywhere in Europe, anytime, taking into account the user’s personal preferences. Thus, IM@GINE IT targets
the facilitation of seamless travel in Europe (Intelligent Mobility Agents 2004). Its key innovative features
include:
• Apply user preference and context to provide the services over many different mobile devices: mobile
phone, mobile PC, PDA, in-car device.
• A multi-agent system that recognises and learns user preferences and guides the system’s ambient
intelligence.
• Apply intelligent user localisation technique by combining GPS, cell ID and logical localisation
techniques.
• Uses a common data management module for interfacing a wide range of contents.
• Independent of transport mode: car, bus, train, metro, tram, ship, airplane, airport facilities and even
tourist POIs.
• Uses an integrated route guidance approach, combining in-vehicle, pedestrian, PT-based and withinbuilding route guidance modules.
• Uses common transport and tourism ontologies for semantic web applications.
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Thus, IM@GINE IT aims to become a universal platform that covers urban, interurban and cross-border
areas.

Future Research Opportunities
Some of the areas that deserve to be researched for the development and application of ontology based tourism
information systems are discussed in this section.

Tourism Recommender System
A recommender system (Stanley 2004) will help travel agents in discovering options for customers, especially
those that do not know where to go and what to do. The system can analyse textual messages exchanged between
a travel agent and a customer through a private Web chat. Text mining techniques will help in discovering
interesting key words in the messages. Subsequently, the system will search a database and retrieves travel
options. The system will make use of tourism ontology, containing themes and a controlled vocabulary, to
identify and match with themes in the textual messages. The system can act as a decision support system, and
not make recommendations directly to the customer.

Ontology-Based Intelligent Search Engines
Today, search engines (iSOCO 2004) accept keywords as input and generate a list of links to documents
containing those keywords. These search engines generally provide a relevancy ranking by counting the number
of times the search word occurs in a document and listing the one where it appears most often on top. Apart from
the enormous benefits that search engines have given us over the past few years by enabling access to millions of
documents, they do have some fundamental drawbacks. For example, they do not understand the words people
type and therefore may come up with enormous number of false hits.
However, the next generation of intelligent search engines will allow more elaborated queries (for example,
in natural language) and will understand what people ask. In addition, these will be implemented by using
ontology and its related technologies. Ontologies will form the brains of the search engines because they will try
to understand the user queries. One such search engine is Ontobroker (Maedche 2001), it comprises of language
and tool to semantically mark up content on web pages and semantically query the www by taking advantage of
semantic inference. At its core ontobroker makes use of ontologies, which carry out the semantic mark-up of
web documents. Ontologies also provide for querying interface that formulate semantic rules for the domain.

Conclusions
Small to Medium Tourism enterprises (SMTEs) are making use of Internet technologies in the form of websites
and backend information systems to carry out their businesses. This technology needs to be updated to provide
better on-demand services to the tourist. With the advent of semantic web technologies such as ontologies,
providing intelligent applications in the tourism sector has become possible. The tourism industry is facing rapid
changes with the advent of these new web-based technologies. There is now a need for developing an
infrastructure to manage the online information and deliver to consumers what they want. Semantic web and
ontology-based intelligent tourism information systems is one of the solution. Ontologies are becoming popular
largely because of what they promise: a shared and common understanding that reaches across people and
application systems. Ontology-based intelligent travel information systems will revolutionise the tourism
industry. The projected applications of such information systems included intelligent search engines and
recommender systems.
Further information to facilitate the development of intelligent systems is given in Appendix B.
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Chapter 2

LOCATION-BASED SYSTEMS
Mobile Applications and Location-Based Services
Mobile applications, along with location-based services, will transform information dissemination
methodologies for tourism. European and Asian countries are taking a lead in this direction and are experiencing
the greatest increase in mobile phone sales.
Business analysts, Gartner, predict that mobile-based tourism will play an important role in servicing the
worldwide tourism sector. In Europe, commercial testing and trials of mobile location-based services (MLS)
have been ongoing since 2000 (European Commission 2002). For example, E-Plus and Sonera are offering
informational MLS to their clients, mainly to market-test interest and reactions. In general, all market surveys
performed since 2000 on the attitude of European mobile users toward MLS have generated encouraging results.
In 2001, a focus-group survey performed by Gartner (Gracia 2001) in the United States indicated that more than
60 million individuals were willing to receive location-based advertising messages in exchange for coupons or
discounts.
Furthermore, Allied Business Intelligence estimates that the LBS industry will account for more than $40
billion in revenue by 2006 (Goodstein 2004).
Companies are now offering services that are based on 2.5G and 3G mobile technology. These include new
types of voice-to-web, web-to-voice, text-to-voice and voice-to-text applications that can be integrated into
mobile devices. Tourists will be provided with the ability to hear emails, dictate new email or text messages,
make restaurant reservations by pushing a button that triggers a web-to-phone application, and receive a voice
message about a flight delay triggered by an email from an airline. IBM recently launched its VoiceXML
software developer toolkit. Such opportunities in the tourism sectors are limited only by one’s imagination.

Benchmark Projects
There are currently two benchmark projects established by the European Commission. The first project is
Creation of User-friendly Mobile Services Personalised for Tourism (CRUMPET). It aims to implement,
validate and trial tourism-related value-added services for nomadic users. This project is investigating the use of
agent technology for fast creation of robust, scalable and seamlessly accessible nomadic services. CRUMPET’s
implementation is based on a standards-compliant open source agent framework that is extended to support
nomadic applications, devices and networks.
The second project is Personalised Access to Local Information and Services. This project aims to provide
services for tourists and citizens by developing and implementing complex data systems with user friendly and
personalised interfaces.

Potential Applications
Some of the possible applications of mobile systems in tourism that should be investigated include:
• Travel alerts on local deadlines.
• Geographic information relating to a specific town or location.
• Visitor guides for tourists when visiting public places.
• Driving mobility services (for example, traffic alerts, routing support).
• Public transportation information services.

Future Research Directions
Current mobile services are only providing basic solutions and do not represent the full potential capability
(Uncapher 2001). The power of computing lies in the intelligent processes it can execute to provide the user with
the ‘right information at the right time’. There is a need to develop systems that can handle the information
distribution inherent in the environment and allow easy mapping of human knowledge into computer
applications (Koch & Rahwan 2004). This is particularly the case for intelligent mobile services. Agent-based
computing (Jennings 1999) has the potential to address the current problems in the mobile services with agentbased systems that create distributed, intelligent, integrated and cooperative applications. This will link the
current generation of mobile services to solutions provided by agent-oriented technology. There is a need for
ongoing research into this area.
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Australia needs to develop benchmark projects similar to the European project discussed earlier. The
benchmark system can be used to map various tourism-related applications. Furthermore, important research can
be carried out into:
• Usability of these services.
• Acceptance of these services.
• Integration of the new services with existing technologies.
• Quality of service.
The following paper provides a detailed scoping study of the current status of technology for location-based
systems. Within this research, possible applications and priority research directions of these technologies are
given for integration in ICT tourism systems.

Paper 2 – Location Based Services and Mobile Applications
Gurpreet Kohli and Leisa Armstrong; Edith Cowan University

Summary
According to Alexandra Zipf, European Media Laboratory: ‘Even conservative estimations suggest that future
services for mobile Internet application for monadic users have great potential’.
There has been a world-wide growth in the sales of mobile handsets in the last three years. According to
Australian Mobile Telecommunications Association 602,972 handsets were sold in June 2004; this was 45%
over the previous year. The revenue in the mobile telecommunication industry exceeds AUD$8 billion annually.
Mobile telecommunication is not just about voice communication as more and more services are being designed
for data-related application. The improvement in technology and higher-bandwidth mobile networks like
HSCSD (high-speed circuit-switched data), GPRS (general packet radio service) and UMTS (universal mobile
telecommunication system) together with next generation smart phones and web-enabled PDA will allow more
access to internet data than a traditional voice service using the mobile device. A study by AT Kearney and
Judge Institute (Cambridge University’s business school) found:
• 44% of mobile users surveyed in the latest global Mobinet study would like to use their mobile phones
for small cash transactions, such as transit fees (bus, taxi, train).
• Short text message service (SMS) or texting is being used at least once a month by 80% of mobile
phone users.
Furthermore, wireless-enabled e-business is expected to claim approximately 16% of the wireless industry
by the year 2005.
Users of the mobile data system have a significant role to play in the creation of new markets and services.
The thirst for experience and need to share real-time information with others has become as important as
practical utility. The latest technology that has great potential to add value to existing or new wireless mobile
data services is location-based services.

Literature Summary
Location-based services (LBSs) are currently getting a lot of attention as the future for mobile data systems. In a
near future, it is expected that LBS will provide no end of applications. For example, the user of a wirelessconnected PDA or mobile phone could be shown advertising that is specific to the region the user is travelling in.
LBSs exploit several technologies for discovering where a network user is geographically located. One is
the global positioning system (GPS), which is based on a collection of 24 Navstar satellites developed originally
for the US Department of Defence (NASA 1996). A land-based GPS receiver uses these satellites to determine
its location within 50–100 metres. An LBS could require that each of its users have a device containing a GPS
receiver.
A second approach is E911, an initiative of the US Federal Communications Commission (FCC). It requires
wireless carriers to pinpoint a caller’s telephone number to emergency dispatchers. E911 ensures carriers will be
able to provide call locations from wireless phones, and the most widely used LBS in the US.
In Europe, commercial testing and trials of mobile location-based services (MLSs) have been ongoing since
2000 (European Commission 2002). For example, E-Plus and Sonera are offering informational MLS to their
clients, mainly to test market interest and reactions. In general, all market surveys on the attitude of European
mobile users toward MLSs performed since 2000 have generated encouraging results. In 2001, a focus-group
survey performed by GartnerG2 (Gracia 2001) in the US indicated that more than 60 million individuals were
willing to receive location-based advertising messages in exchange for coupons or discounts. Furthermore,
Allied Business Intelligence estimates that the LBS industry will account for more than $40 billion in revenue by
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2006 (Goodstein 2004).
The continuous evolution of wireless technologies has led to an expectation that location sensing and
awareness will become common capabilities in all future devices, applications and services. This will enable new
processes and businesses, and be widely adopted by users of wireless devices.
It is expected that a new generation of location-aware applications and mobile services will appear that
improve users’ experience, and minimise the inconvenience of interacting with other small devices (for example,
electronic booking, flight check-in while on the move). The need for LBSs will grow quickly as more people
start using mobile devices to access information and data services. By combining location-aware applications
with user preferences, it will be possible to personalise access for end-users and optimise the user experience.
We expect a paradigm shift from voice-oriented services to data-oriented services from a mobile phone.
Most telecommunications carriers plan to pursue either network- or handset-based location fixing
technologies in their networks. Currently, three networks in Australia (Three 2004) are providing initial LBSs
and location-relevant wireless advertising test markets. Big Telco are currently planning to introduce these
services into the Australian market.

Discussion of Technology Issues (Maturity, Barriers And Drivers)
LBSs provide many advantages to business and governments, and improved services to subscribers of mobile
data systems. They may improve process efficiency in terms of reduced costs and lead times. Some of the
advantages of LBS are:
• Alerts on local deadlines.
• Information relating to a specific town or location.
• Directions for pedestrian citizens or to public places.
• Driving mobility services (for example, traffic alerts, routing support).
• Public transportation information and services.
• Parking aid location services (for example, near parking places, pre-booking, directions to car parks).
• Mobile payments for parking tolls.
• Alerts on school events.
• Information relating to school buildings and rooms .
• Messaging for teachers and students.
• On-site assistance to elders.
• Tracking children at kindergarten or school
• Patient status monitoring
• Information to visitors on sites or art (indoor and outdoor).
• MLS payments.
• Directions to places or seats.
• Finding friends by pinpointing their locations.
• Lottery results.
• Highway engineering, traffic signals work.
• Work-order assignment and update.
• Automatic vehicle location and routing of cars and people.
• Rescue interventions, disaster recovery.
• Home arrest and tracking of people on parole.
• Criminal tracking.
• Information and alerts on local diseases to population.
• Ambulance logistics optimisation.
• Assistance to hospital visitors to find rooms.
• Energy and pollution alerts.
• Work-order assignment and update.
A report from Gardner (Basso 2002) on LBS showed that by 2008, any device enabled for wireless
communication will sense its location and be traceable to within 20 metres (0.8 probability). Among the 1.5
billion mobile subscriptions predicted worldwide by 2005, almost 40% will also include MLSs (0.7 probability).
Business opportunities will grow progressively and, by 2008, MLSs will generate revenue of more than 23
billion euros (0.8 probability). Mass adoption of MLSs will not occur before 2007 because of the lack of
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adequate terminals and high-accuracy location technology in the networks (0.8 probabilities). In recent years,
mobile data services have inspired more hype than reality (Carlsson, Walden & Veijalainen 2004). However,
MLSs are different and have great potential to be successful in the future.

Overview of the technology
This section provides an overview of the technology.

Figure 5: Location interoperability form (LIF)
Figure 5 was proposed by the Location Interoperability Forum (LIF), a joint initiative of Nokia, Motorola
and Erission (LIF 2004). Figure 5 shows their view of the relevant system components and the corresponding
bodies responsible for the respective standards and interoperability.
They proposed a three-layer model:
• Mobile terminal.
• Cellular terminal.
• Server application.
Mobile terminal can also be referred as an end-user layer that includes hardware and software for running a
mobile data application. The second layer, cellular terminal, deals with switching technologies and gateway.
Finally, the server application layer includes services running on different web standards and interaction between
different services required for mobile data processing.

Benchmark projects
Currently, the European Commission has established two benchmark projects. One is Creation of User-friendly
Mobile Services Personalised for Tourism (CRUMPET). CRUMPET’s overall aim is to implement, validate, and
trial tourism-related value-added services for nomadic users. It particularly values the use of agent technology
for fast creation of robust, scalable and seamlessly accessible nomadic services. The implementation will be
based on a standards-compliant open source agent framework that is extended to support nomadic applications,
devices and networks.
The main features of the CRUMPET approach are:
• Services will be trialled and evaluated by multiple mobile service providers.
• Service content will be tourism-related and support intelligent, anytime, anyplace communication.
• Adaptive nomadic services will respond to underlying dynamic characteristics, such as network quality
of service and physical location.
• A service architecture implementation will be standards-based and made available at the end of the
project as (mostly) publicly available open source code.
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• Suitability for networks will be those that a typical tourist user might be exposed to now and in the near
future (including IP networks, Wireless LAN, and mobile networks supporting WAP technology: GSM,
GPRS, and UMTS).
• Suitability for a wide range of terminal types, including next generation mobile phone/PDA/PC hybrid
terminals.
The second project is PALIO. PALIO aims to provide services that are directly available for tourists and
citizens by developing and implementing complex data systems with user-friendly and personalised interfaces.
The design of the PALIO service is driven by the combination of some new concepts such as:
• Personalisation; and
• Accessibility anytime from anywhere, and with any communication technology, real-time interactions.
To achieve the above objectives, technological and service innovations will develop:
• Integration of mobile and fixed telecommunication networks.
• Methodologies and technologies for the design of scalable and personalised access to information and
services.
• Tools for service personalisation and for interaction through mobile and portable terminals.

Problems with LBSs
As with any technology, there are inherent problems associated with LBSs. Initial efforts have not lived up to
expectations. Often, the problem is that carriers view LBSs solely as a direct revenue generator: it’s a way to
spam subscribers with targeted local advertising. Analyst firm Frost & Sullivan (Sullivan 2001) published a
report stating that early attempts at LBSs have failed because they were immature.
However, with advances in the technology, and GPS increasingly being built into phones, the authors
believed that LBS services are ready for a new beginning. Perhaps part of the reason that past attempts at
location-aware mobile spam have not worked was because users can be irritated by mobile spam (Hazas, Scott &
Krumm 2004). This is a very common problem currently being faced by most email users. As stated above, they
are looking for applications that improve their social lives and connections, rather than ways to get more
advertising. For example, the success of Mogi (Wireless Watch Japan 2004) in Japan is not related to advanced
technology (or advertising); it presents a compelling way for the user to engage with others. (Pramudiono,
Shintani, Takahashi & Kitsuregaw 2002) has a story noting a variety of social mobile applications that actually
enhance, rather than detract from, the lives of those using mobile phones.
The Cellular Telecommunications and Internet Association (CTIA) is asking the Federal Communications
Commissions to create specific rules about wireless location privacy (CTIA 2004). The CTIA proposal says a
technical solution must include notice, consent and security – and be technology-neutral. Some of its
recommendation included:
• Enhanced-cell global identity (E-CGI) uses the network cell identifier to locate the user. Already
available in networks using the global system for mobile communications (GSM), it works with legacy
phones but has a relatively low accuracy, depending on the size of the cell. In urban areas, accuracy
may be about 50 metres but in rural areas, accuracy may decrease to 20,000 kilometres.
• Enhanced-observed time difference (E-OTD) uses the difference in arrival times of radio signals
received by the phone. It offers good accuracy (50 metres to 200 metres) and is fairly consistent, even
in rural areas. However, it needs specific software in phones and some upgrades to the network. This
technology will evolve, in the third generation (3G) networks, into observed time difference of arrival.
• Assisted-global positioning system (A-GPS) is a hybrid solution between GPS and mobile networks.
Mobile base stations receive signals from GPS satellites and transmit them to A-GPS devices without
needing embedded satellite technology in devices. This costs much less than GPS devices. However, it
requires new phones and significant network changes. Accuracy is high, although A-GPS does not work
in dense urban areas, or indoors, because there are no satellite signals.
• Bluetooth and wireless fidelity (WiFi) are not intended to operate as positioning technologies but enable
location in urban and indoor areas. Therefore, they complement other positioning technologies and
increase accuracy. They require dense, fixed infrastructure and are best suited for ‘hot spots’; that is,
busy areas where mobile device owners will congregate.
Basic positioning technologies are already available but only E-CGI, which offers low accuracy, is widely
present in established mobile networks. All other methods require an upgrade of the mobile network and specific
devices. Mobile operators will follow different paths to acquire location awareness, depending on the condition
of their market. In the US, where suitable devices are available, E-OTD and A-GPS are being deployed in most
mobile networks to enable E911.
Furthermore there have been advancements in the signalling technology used in LBSS:
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• BSSAP location extension (BSSAP-LE) specific GSM protocol and extensions that provide the
necessary signalling message for enabling SMLC.
• CAP-GSM intelligent network protocol which allows any time interrogation (ATI) of the home location
register (HLR) for cell-ID and other subscriber information.
• J-STO-036 TIA/EIA-41 extension for enhanced wireless emergency services. It defines the messaging
required to support information transfer and to identify (and locate) wireless emergency services callers.
• SIP enables location-based push service at the application level by providing presence and instant
messaging capabilities.
• Mobile location protocol (MLP) facilitates the exchange of location information between location-based
application and location servers.

Mobile guides
Mobile guides and navigational systems such as GPS have helped the development of LBSs. These systems have
come a long way since the first research prototypes (Abowd, Atkeson, Hong, Long & Pinkerston 1996). In
future, mobile guides will have to take into account more and more situational factors to provide users with a
user-friendly experience, and address some of the current real-world problem such as network outages or the
lack of precise positional information to the user of the mobile system (Kray & Baus 2003).

Business Models and Applications (Tourism)
Business drivers
The mobile voice market is approaching saturation. Operators have already reduced prices of handset and call
charges. Some of the business drivers affecting LBSs are:
•
Regulation. In the United States, the FCC has introduced the E911 mandate. This forces mobile operators
to deploy high-accuracy location technology to provide the location of mobile subscribers calling the E911
emergency service. The European Union has excluded the possibility of an E112 mandate for mobile
operators and is focusing instead on facilitating the development of the MLS market on the industry side
while retaining privacy. As a result, the US MLS market is under regulatory pressure and will initially
focus on emergency services; the European Union market is mainly commercial.
•
Technology. Mobile networks are evolving to a packet-based paradigm that is moving from positioning to
pinpointing. Multimedia messaging, Java 2 micro edition (J2ME) devices, body-heat batteries and implants
from Digital Angels are emerging. These technologies are basic enablers for the take-off of MLSs.
•
Social trends. Mobile phones have become a mandatory lifestyle accessory in many societies, especially
among young people. MLSs enable new mobile communication and entertainment styles.
•
Security. The September 11 attacks and ongoing terrorist threats have increased anxiety about personal
safety and the security of personal belongings and corporate assets. For safety, people are willing to restrict
privacy boundaries. This is pushing the US emergency and enhanced surveillance services.
•
Business. Poor economic conditions and increasing competition force enterprises to seek solutions that
increase profitability and service quality, improve customer relationships and business process efficiency,
and reduce costs.

Technical Drivers
Many different forces are driving the creation of the MLS market. Some are push drivers that force the
deployment and adoption of such services; others are pull drivers that arise from the needs of end users or
environmental conditions.
There is a need for alternatives to the traditional form of data distribution (client-server models) for the
mobile data system (Afonso, Silva, Campos & Regeteiro 2003). The push- and pull-based techniques have been
proposed as a means of disseminating information to a large set of users in the wireless and wired environment.
Push and pull drivers operate in all geographies to different extents and alteri the developing MLS market.
Different methods have been implemented to improve the ability of networks to interchange data from one
computer to another.

The push and pull approach
Traditional methods of data delivery, such as request-response and unicast (point-to-point) have led to serious
problems when information has to be delivered to many users. These issues have been the key impetus to
improving the data dissemination-oriented applications involved in the process of delivering data from one or
more sources to a large group of users.
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The main problems related to the traditional data delivery methods are:
• Congested networks.
• Overloaded servers.
• Long delays and server crashes.
• Data repetition involving high cost in terms of network bandwidth.
The new approach is based on dissemination-oriented applications that use broadcast to deliver data to a
large client population. This approach involves a new data delivery method called push-based, opposed to the
traditional request-response method that from this point on will be referred as the pull-based data delivery
method (Acharya, Franklin & Zdonik 1997).
The main advantage of the push-based method over the pull-based method is related to who initiates the
transfer of information from servers to client. In the push, the server initiates the transfer of information while in
the pull, the client initiates the transfer of information. In this way, with the new approach, servers are not
continuously interrupted to attend requests. They do not need to schedule orders of data delivery, and clients do
not need to poll the server each time to get new data or update existing data.
Finally, it is important to mention that for the push approach, clients need to define a profile of their
interests so the servers know how often and what kind of information they must send.

Push approach applied to the tourism industry
Mobile devices allow users to receive information related to their flights 24 hours a day. These so-called ‘push’
notifications include flight delays, meeting schedule changes, weather alerts, and so on.
In an ideal ‘hyper-connectivity’ scenario, an airline might send an alert about a one-hour flight delay. This
should automatically trigger a series of previously disconnected events: an instant notification is sent to the
traveller to reschedule the meeting, to the limo service agency to pick the traveller up an hour later, and finally to
the car rental company and hotel.
It is also expected that mobile devices offer integrated applications (2.5G and 3G) such as voice-to-web,
web-to-voice, text-to-voice and voice-to-text. These applications will allow travellers to listen to emails, dictate a
new email or text-message or make a restaurant reservation by pushing a button that triggers a web-to-phone
application, or receive a voice message about a flight delay that is triggered by an email sent by the airline.
Some companies are already considering these kinds of technologies. For instance, Delta Airlines is
investing close to $1 billion in its Delta Nervous System (Tillett & Schwartz 2001) project to be able to deliver
timely and consistent data to customers, employees and partners, including via wireless applications.

Applications for travel and hospitality
Table 2 contains a review of some of the emerging ‘hot’ applications and services in various travel and
hospitality segments.
Table 2: Applications for travel and hospitality
Service
Air travel

Technology
Bluetooth (short-range wireless
technology)

Airline ‘push’ notifications via
email or web-to-voice based on
triggered events
Hospitality

Bluetooth-based portable
devices and temporary kiosks

Wireless internet access: Wi-Fi
(802.11b) wireless LAN
Push and pull notifications
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Applications
Check-in: portable check-in devices to ease long
lines at check-in counters during peak hours,
wireless LAN devices to inform baggage handlers
of gate changes and flight delays, baggage area tag
verification devices
Applied for flight delays and cancellations, weather
alerts, gate changes, customer interactions), as well
as WAP-enabled ‘low-touch’ wireless self-booking
engines that require minimum data input
Proximity-based services for instant hotel checkin/check-out to ease front desk congestion during
peak hours, temporary information/ticket kiosks for
entertainment events, temporary registration desks
for conventions and meetings, devices for instant
interaction with employees in large hotels and
resorts
Installed in conference rooms, hotel rooms, hotel
lobbies, in the pool area and other open areas
Presence-based ‘push’ notifications for weather
developments, hotel promotions, customer

LEADING-EDGE DEVELOPMENTS IN TOURISM ICT AND

Corporate travel

Wireless LAN (WLAN)

WAP-enabled wireless selfbooking engines
Blackberry PIM devices, WAPenabled phones, Bluetooth and
Wi-Fi enabled laptops
Conventions
and meetings

Wireless recommendation
engines
Temporary wireless registration
kiosks
Wi-Fi wireless LANs
‘Push/pull’ notifications

CVBs and
DMOs

Wireless recommendation
engines

interactions
Location-based ‘pull’ applications allow travellers
to obtain hotel directions
Business-to-employee applications including
corporate travel management, self-booking systems,
T&E, ‘push’ notifications and ‘pull’ information
requests
Applications related to corporate travel policy,
employee profiles, negotiated rates, preferred
suppliers and T&E expense reporting functionality
Applications that allow business travellers to use
location-based and presence-based services and
interact with the company, department and other
employees.
Location-based and presence-based applications that
alleviate the destination management efforts
Eases lines at conference registration counters
Will provide high-speed internet access to all
attendees in the conference rooms and open areas
Push will alert participants about agenda changes
and conference-related news that need immediate
attention
Pull will keep attendees informed about the
conference agenda, speakers, workshops, receptions
and entertainment events
Utilise location-based and presence-based wireless
services. They provide better information, in-depth
entertainment and nightlife content, instant hotel,
restaurant and event information, availability and
reservations

Case studies for push-based mobile devices
Case study 1: Revolutionising the pre-flight experience
Ejiogu and Jordan (2002) present a survey that outlines the main difficulties travellers experience when using the
check-in systems and accessing flight information sources. They also focus on travellers’ perceptions of mobile
phones and whether mobile phones facilities are useful for the pre-flight experience.
The following is a summary of the survey scenario and results (Table 3).
Table 3: Survey Scenario and Results
Survey scenario

International business
travellers
English speakers
Travelled at least 5
times a year
Location: London
Aged: 21–60
Mobile phones users
Conducted before 11
September 2001

Results
Pre-flight experience
Dissatisfaction with some or
most of the pre-flight
experience
79% disliked the current checkin procedures
34% found information from
check-in desk unhelpful and
insufficient
48% found the screens
displaying flight information
unhelpful or annoying
58% found verbally announced
information unhelpful, difficult
to understand and to hear

Mobile technology in pre-flight
experience
81% would like to access boarding time
and gate information through their
mobile phones
86% would like to be informed of flight
delays and changes through their mobile
phones.
79% would like to check in to flights
using their mobile phone rather than via
the current check-in desk procedure
58% would like to have an electronic
boarding pass sent directly to the phone.
76% wanted to be able to select their
preferred seat through their mobile
phone

17

RELATED UNDERLYING TECHNOLOGIES

The survey also states that, in general, mobile phone users chose the SMS (short message service) service as
the preferred feature offered by mobile phones as it is quick and easy to access. However, they all felt personal
communication was still important.
Finally, Ejiogu and Jordan concluded that the new mobile technology should be able to address the above
issues by enhancing the current services and by adding new features; thus, they will become the new ‘personal
computer’ and offer push-based services. The new technology will constantly send push notifications with the
pre-flight information to users and should make it specific to each traveller’s requirements. It also should be able
to support mobile-enabled flight check-in services, and provide high-level context-based services by using
features like SMS, WAP and multimedia messaging services (MMS).

Case study 2: Mobile guides
This survey was performed in 2001 (Schmidt-Belz, Poslad & Zipf 2001) to list a number of systems that provide
mobile guidance. They were compared according to:
• Basic features (push-based notifications).
• Situational factors.
• Adaptation capabilities.
• Interface and user interaction.
• Architecture.
The results are summarised in Table 4.
According to this study, these systems should be able to provide users with LBSs such as navigational
assistance where and when they need it, without constant user request (push technology). However, as shown in
Table 3, several features in this respect are still a challenge.
The following table lists the desirable features for mobile guides and the limitations found in terms of
technology and user situational factors.
Table 4: Challenges and limitation for mobile guides
Challenges
To measure the current position at all time
in a precise manner
Mobile guides should provide service even
if there is no connection to the server
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Limitations
Technical and cognitive resource restrictions
Technical: bandwidth, storage capacity, display size
and computational power
Cognitive: restricted by changes in the users’
position and situation
Situational factors affect the service provided by
mobile guides and their usage
Navigational instructions differ highly from fast user
walkers to static ones
Deaf people will not find the acoustic direction a
useful service
A person that knows an area very well might not
appreciate detailed information regarding that
particular area
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Table 5: Survey results

Services

Positioning

User

Basic features
Most of them
Information
guidance

GPS (global
Adaptable
positioning
system)
Situational factors
Does not apply

Context

Task
Cognitive
resources
Technical
resources
Lack of
information
Position

Language

About half

Does not apply

Some few
Communication

Infrared beacons
Compass
interaction

Only one
Location
Reservation
Exploration
Tour diary shopping assistant*
Ticketing assistant*
Spatial reminder*
Disaster mitigation*
Data collection
Map interaction
Network cells
Modulated light
Manually
Presentation
Content selection
Envisioned
During tour
Tour planning

Presentation

Content selection
During tour planning
Envisioned*

Does not apply
Adaptation capabilities
Does not apply
Does not apply
Does not apply
Does not apply
Communication
of imprecision

Interface and user interaction
English

Multimodality
Evaluation

Multilingual
Does not apply

Local proxy/cache
Robust
Two levels of precision: rooms
vs. exhibit
Simple interaction
Synchronise manual navigation
in 3D/2D
Inference
Japanese*
German
Envisioned*

Field test

Questionary
Exploratory study

Interacting
applications
Client-server
Multi-agent
system
Object model
Standard-based

Hybrid
Multi-blackboard

Architecture
Type

Interaction

Proprietary

* Servery limited or not realised yet
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Case study 3: Creation of user-friendly mobile tourism services
This case study covers the main push/pull-based services of the user-friendly mobile service created by the
European IST project CRMPET (Schmidt-Belz et al. 2001). This is a trial system that was tested by four
European sites according to the following criteria:
• Location-awareness.
• Personalisation.
• Location-based services.
• Service meditation and interaction facilitation.
Table 6: Push / Pull Notifications for each Application
Criteria
Location-awareness

Personalisation

Location-based services
(For example, interactive maps, directions
to get to a destination, or recommendations
for tours)

Push/pull notifications
Push: GPS locates the client and provides client’s
geographical position.
Pull: Client sends only relevant changes in the user
position to the server.
Push: The server will update users with information
according a predefined profile based on users’ interests.
Pull: Users are required to define their main interests so
the client can model the requests accordingly.
Push: Based on user’s position and pre-defined interests,
the server displays attractive objects found nearby
Provides graphical routes with a net of streets and
relevant short cuts.
Pull: The user can explicitly ask for suggestions related
to interesting sights, restaurants or accommodation that
are nearby.

The last criterion, service meditation and interaction facilitation, has to do more with data manipulation and
the way information is presented to users. Some of these aspects are outlined in (REF) as follows:
• Serving as a facilitator in exploiting complex and dynamic services, while user’s view on services is
kept as simple as possible.
• Serving as a presentation performer (combining results to ‘digestible’ information output to the small
client device, also reacting to dynamic changes in technical environment).
• Making use of the dialog history and user movement in space.
• Employing user interests to filter or sort large amounts of information received.
• Retrieving user interests to specify user’s simple requests.
• Serving as a mediator, while protecting user’s privacy and interests, and managing fairness among
service providers.
• Integrating several agents’ capabilities to a service with added values beyond what each agent’s added
service could provide.
• Control the conditions of wireless connection (quality of service) and react to changes.
Trial results (this is an update as it has not been concluded yet):
• Maps play a central role to support nomadic users on-tour.
• The personalisation and location-awareness of maps is seen as a clear advantage to static maps.
• ‘Spatial browsing’ is suitable to support the sightseeing tourist.
• Users’ preferences in terms of services content: transportation is the most preferred, followed by
sights, restaurants and personal tours.
• About 80 per cent of people interviewed confirmed added benefits in a mobile tourism support.
• About 75 per cent are prepared to pay for this service.
Application of location-based service in tourism:
•
Regional specific information on user’s mobile device.
•
802.11 based application for art gallery, museum and so on.
•
Application in car rental services.
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Research Directions
Intelligent mobile services
Current mobile services are only providing a basic solution and do not represent their full potential (Uncapher
2001). A location-based service provides information that has economic value for the user only if it improves
their decision-making process (Krek 2004).
The power of computing lies in the intelligent process it has to give the user the right information at the
right time. There is need to develop systems that can handle the distribution inherent in the environment and, at
the same time, allow the easy mapping of human knowledge into computer applications (Koch & Rahwan 2004).
Thus, there is a need for intelligent mobile services. Agent-based computing (Jennings 1999) has a potential to
address the current problems in the mobile services. The agent-based system creates distributed, intelligent,
integrated and cooperative applications. It tries to link the current generation of mobile services to solutions
provided by agent-oriented technology. A lot of ongoing research is required in these directions.
Australia needs to develop a benchmark project similar to the European projects discussed earlier in this
report. The benchmark system can be used to map various tourism-related applications. Furthermore, important
research can be carried out into:
•
Usability of these services.
•
Acceptance of these services.
•
Integration of the new services with existing technologies;.
•
Quality of service.
•
Use of RFid in adventure tourism.
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Chapter 3

LEADING-EDGE ICT: TOURISM PORTALS
The majority of tourism industry businesses are currently using first- and second-generation approaches to
tourism portals. These technologies have a number of limitations, as discussed below.
First-generation Internet technologies led to the development of the first phase of Internet tourism portals.
The e-shop portal/directory enhanced business model is the dominant business model in the industry today. Firstgeneration portals and search engines have dis-intermediated the traditional supply chain, and substituted it with
e-intermediation (European Commission 2002). However, an SMTE opting not to have its own Internet point-ofpresence (PoP) must depend upon portals and directories for business-to-consumer information flows. The firstgeneration Internet tourism portals have inherited many of the limitations that characterise first-generation
Internet technologies. Directories and portals provide limited opportunities for product differentiation, and an
adverse ranking can lead to problems with discovery. Furthermore, discovery problems may be compounded
where portals generate pages of dynamic information that cannot be indexed by search engines.
Depending on ownership and control, e-intermediation brought about by portals and search engines may
result in income leakage in much the same way as in traditional intermediation. The best example of this is
Google’s regime for banner advertising that imposes significant costs on SMTEs that wish to improve rankings
as part of their e-strategy.
Current portals and directories are self-service systems. It is up to individuals to find and use these selfservice options manually. Moreover, information is often not found within the same application context in which
the users need it.

Portal Technology in Tourism
In the EU and North America, tourism portals are moving to third- and fourth-generation technologies that
address major limitations of first- and second-generation approaches. The web services developed in these
generations overcome the limitation of self-service by allowing applications to serve themselves automatically,
repetitively, and with minimal human intervention.
In first- and second-generation approaches, common services such as shopping carts are implemented for
each internet PoP involving redundancy, non-reusability, resource inefficiency and usability issues. In a portlet, a
component-based approach is used to deliver this service: a shopping cart portlet exists remotely and supplies a
common, re-usable service.
Web services allow applications to share data, typically with the help of XML-based systems. Web services
provide a solution to the problems of self-service and consumer burden in tourism by allowing portals to share
traveller data interchanged with XML. In a web-services approach to customer reservations systems, itinerary
changes can be negotiated automatically across customer reservations systems. Dimension Data’s (2002) Webenabled portal solution for travel and itinerary management is a working example of a web services enabled
portal solution for travel and itinerary management.
Decision support systems are being implemented in these generations of portal infrastructure using datamining technologies. The European city tourism web portal (http://quovadis.wu-wien.ac.at/) mines portal logs to
provide information that:
• Describes system usage as an indicator of marketing success for the portal as a tool for undecided and
decided travellers.
• Describes keywords used, languages and query styles as a metrics that can be used to profile the user’s
interaction with the travel decision-making process.
• Enables effectiveness evaluation of each of the participating cities’ marketing strategies and consumer
interest.
Developments in web services and the semantic web have created the potential for agent-enabled portals;
that is, intelligent systems that learn from user behaviour and work with user agents authorised by users to create
optimal travel plans. The European Dietorics Project, currently underway at Istituto Trentino di Cultura, Italy’s
Electronic Commerce Laboratory (eCTRL) has delivered a working prototype, available at http://euproject.hgb.tiscover.at/dialogservlet.
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Future Research Directions
Trajectories in emerging third- and fourth-generation portal technologies describe what should be the priority
research directions for Australia’s portal-based tourism infrastructure. An RDF, XML Schema based tourism
domain specific knowledge base is a fundamental information source for intelligent tourism searching and the
delivery of web services that bring about integration of disparate information sources that might be used for
recommender and itinerary management systems (for example, Dietorics, TRIPS). The national research effort to
create this knowledge base should be a high priority. Non-redundant, re-usable approaches to common services
offered by SMTEs can reduce the cost of e-commerce and improve the quality of services delivered to
consumers. A combined scoping case study of component design is required to champion new directions in
portal design based on component approaches.
Web services bring about integration of disparate information sources and therefore reduce the consumer
burden of Internet travel planning, as well as reducing the costs to portal service providers. They also provide
foundations for the development of recommender and itinerary management systems. The addition of a web
services layer to Australian ICT tourism infrastructure has been slow to emerge.
There are no agent-enabled portals currently operating in Australian tourism portal infrastructure. As the
web moves to a semantic standard for mark-up, these systems will become more common and agent-enabled
infrastructure will expand.
Currently, Australia is not involved in semantic web products for tourism. The Maedchea and Staab (2001)
application agenda suggests important priority research directions in the development of semantic web portal
infrastructure for Australia that embrace:
• Semantic search engines for tourism.
• Semantic web-based electronic markets in tourism.
• Topic (also known as knowledge) tourism portals.
Proof of concept or demonstrator projects in these areas would assist the industry in assessing the
significance of these developments, and the development of an industry plan for semantic tourism products.

Paper 3 – Leading-edge ICT: Portals and Directories
M. Brogan & M. Clark; Edith Cowan University

Background
Internet and web-enabled information systems play an important role in the tourism industry. As the European
Commission’s (2002, p. 2) e-business watch reports:
The Internet has deeply influenced and re-shaped the sector value chain. It has become the new medium for
interactions which were previously carried out through different means (e.g. between hotel chains and their
direct customers); it has allowed the direct interaction between customers and suppliers (e.g. with tour
operators); it is impacting the role of traditional intermediaries, and has favoured the entry of new eintermediaries.
Portals and directories are at the forefront of disintermediation and e-intermediation in the tourism value
chain. Portals are online gateways to information that provide an integrated interface and organisational structure
to web-deliverable content. According to Equat’s Glossary of e-business terms (Equat 2003, p. 11), a portal is:
a high-traffic, broadly appealing Web site with a wide range of content, services, and vendor links. It acts
as a value-added middleman by selecting the content sources and assembling them together in a simpleto-navigate (and customize) interface for presentation to the end user. Portals typically include services
such as e-mail, community, and chat.
A directory is a list of links organised by topic. Directories aggregate links that relate to a theme, product or
service. The owner of a small-to-medium sized tourism enterprise (SMTE) business-to-consumer (B2C) internet
point-of-presence (PoP) can maximise the opportunities for customer discovery by securing portal and directory
listings that provide product descriptions and links back to the owner’s website. The selection of portal and
directories require the website owner to make decisions about marketing strategy, optimisation (that is, portal
visibility), fees and charges, the market share of the service provider and services available through the portal
and/or directory. Integration of portals with other channels, such as print media and television, can create a
highly effective convergent environment for the marketing of tourism product.
A number of successful portals have been established to target the Australian consumer market. For example
in 1997, the Australian television operator Channel Nine formed an online alliance with software company
Microsoft to create the NineMSN portal. NineMSN integrates broadcast content with the web and enables indepth product information to be served asynchronously to prospective customers attracted initially via the
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synchronous broadcast channel. Tourism, and tourism-related product, is an important market for NineMSN.
On the wider web, consumer-oriented tourism industry portals and directories operate at international,
national, state and regional level. Internationally, Yahoo and Lonely Planet are major providers of directory
services to the tourism industry. In an Australian context, the Australian Tourist Commission operates a national
portal/gateway service known as Australia.com that supplies event, destination planning, activity and service
provider based information services aimed at consumers in nine languages.1 The Western Australian Tourism
Commission operates a portal on behalf of the Western Australian Government.2 In addition, there are a number
of regional portals established such as in the Gascoyne region where the Gascoyne Development Commission3
and Outback Coast Tourism Ltd4 oversee and operate the portals and gateway services.
A recurring theme in the literature is the value of portals and inter-connection generally, and as part of an estrategy. According to Small (2000, p.331), e-strategy necessarily involves strategies for connecting to the
network and creating a suitable hub of communication links from the node into the communication environment
of the Internet.
The key to attaching to the network is an idea borrowed from object-oriented programming: ‘inheritance’.
Inheritance means an object belonging to a class shares its properties. Doing online business according to the
inheritance principle enables members of a class to share benefits they might not otherwise derive. In
microeconomics, such an outcome is referred to as a positive externality.
The case for portals and directories as elements of an e-strategy does not rest wholly on assertion. In a study
of 108 SMTEs in the ecotourism industry, Brogan (2004) found a significant relationship between portal count
and new customers acquired online and the B2C revenues. Of all discovery variables examined in this study, the
portal count provided the most consistent evidence of significant relationship with e-value creation outcomes.
For SMTEs that decide not to have their own internet PoP, portals and directories provide the only avenue
for B2C e-commerce information flows and sales. However, directories and portals mostly provide limited
opportunities for product differentiation, and an adverse ranking can lead to problems with customer discovery.
Furthermore, these discovery problems may be compounded when the portal generates pages dynamically and
therefore cannot be indexed by search engines. The business will also have reduced opportunities to gather
metrics for measuring the effectiveness and direction of marketing and advertising. Similarly, a business that
does not have its own registered domain and relies solely upon a non-virtual directory (usually found in a portal)
must depend upon the policy and practices of the directory owner and is bound to suffer from issues of reduced
visibility, reduced opportunities for differentiation and loss of control. For these reasons, most SMTEs maintain
their own website in what effectively amounts to an e-shop portal-enhanced business model.

First-generation Tourism ICT
First-generation information and communications technologies (ICT) in tourism evolved the global distribution
system and later, in the early 1990s, internet destination marketing. Table 7 shows a range of first-generation
tourism ICT technologies and their related limitations.

1

Australian Tourist Commission. (2003). Australia.com, Retrieved From,
http://syd.australia.com/home_UK.aust?L=en&C=GB.
2
Western Australian Tourism Commission. (2003). Discover Western Australia, Retrieved From,
http://www.westernaustralia.net/discover/index.shtml.
3
Gascoyne Development Commission. (2003). Gascoyne Development Commission, Retrieved From,
http://www.gdc.wa.gov.au/default.asp?documentid=1.
4
Outback Coast Tourism Ltd (2001). ‘Western Australia’s outback coast: where the reef meets the outback’, Retrieved From,
http://www.outbackcoast.com/.
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Table 7: First-generation ICT in tourism (GDS/other)
Information
system
Global
distribution
systems (GDS)

Internet

Description

Limitations

Proprietary travel information
systems originally developed
for airlines
Provides easy access via the
world wide web
Provides interfaces to be shared
by different travel suppliers
(airlines, car rental agencies,
hotels, etc.)

High maintenance costs. On one hand, high cost
for the GDS to manage the inventory and pricing
information for travel suppliers. On the other
hand, high costs for travel suppliers to
synchronise the GDS information with the
internal information system
Interfaces with travel suppliers do not offer a
real-time system to update prices, offers or
travellers’ profile
Difficult to consolidate information coming from
various technologies; e.g. information related to
hotel reservations, in most cases, must be
converted to batch files to be accepted by the
GDS
Poor information gathering related to the
traveller. The GDS’s database only stores
information related to the flight. Each record is
known as the passenger name record (PNR)
Most of them isolated from each other
Inflexible when changes in itineraries are
required
Poor travellers/travel agency support
Poor detailed information
Information overload
Makes the searching task a tedious to perform
Requires user experience to perform a good
search
Information provided is not always easy to
interpret or connect to offers made by the large
providers

Most of the time, this is the
first resource of information
used by travellers
Provides an extensive amount
of information regarding places
to visit, hotels, food, cultural
events etc.
Provides search engines, most
of them syntactic search based

First and Second Generation Web-Enabled Portals
The limitations of first-generation internet technologies spawned the concept of the portal as a place of
interconnection and a partial solution to the related problems of discovery and information overload. Portals and
directories provide a hub connection to the internet (maximising discovery opportunities and externalities
associated with an owner/operator internet PoP). Thus, first- and second-generation web portals have overcome
some of the problems and limitations of first-generation internet and proprietary technology identified with the
GDS for tourism product.
These generations of portal technologies have been implemented with technologies such as:
• HTML/XHTML mark-up languages.
• HTML/XHTML forms.
• Scripted database (ASP, ColdFusion, PHP, Perl, Java).
Business-model typologies also provide a useful way of analysing progression in the development of
internet-enabled e-Commerce. The e-shop portal/directory enhanced business model is the dominant business
model in operation in the industry today. Its dominance shows how portals and search engines have
disintermediated the traditional supply chain and bought about a kind of e-intermediation. The current taxonomy
of internet business models was developed by Timmers (1998). The taxonomy depicts the degree of innovation
on the x-axis and functional integration on the y-axis (Figure 6).
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Value Chain Integrator
Multiple
Functions
Integrate

Third Party Marketplace
Collaboration Platform
Virtual Community

Functional
Integration

E-Mall
E-Procurement

Value Chain Service Provider
E-Auction

Single
Function
Trust Services

E-Shop

Info Brokerage

Lower

Degree of Innovation

Higher

Figure 6: Classification of internet business models (Timmers 1998, p. 7)
The portal/directory enhanced e-shop connects the single function, low-degree innovation e-shop with the
higher level innovation function of information brokerage. While information brokerage services provide a
solution to the problems of discovery and connection, e-shops can be used to provide immersive text and
multimedia content that cannot be carried on the portal and these differentiate a business from its competitors.
First- and second-generation portal technologies that connect SMTE websites and e-shops to the global
market place for tourism product also display limitations. Importantly, they are self-service technologies. It is up
to individuals to find and use these self-service options manually. Moreover, information is not found within the
same application context in which users need it. Further disadvantages of first generation portals are that they:
• Do not employ the principles of component-based design.
• Do not integrate technologies enabling user agent of choice (almost all are predicated on desktop user
agent access).
• Have been overtaken by developments in web services, data mining and the semantic web.
Depending on ownership and control, e-intermediation brought about by portals and search engines may
result in income leakage in much the same way as traditional intermediation in the GDS. The best example of
this is Google’s regime for banner advertising that imposes significant costs on SMTEs wishing to improve
rankings as part of e-strategy.

Leading-Edge ICT in Tourism: Third- and Fourth-Generation Portals
In the European Union and North America, tourism portals are moving to third- and fourth-generation portal
technologies that address major limitations of first- and second-generation approaches. The web services
developed in these generations overcome the limitation of self-service by allowing applications to serve
themselves automatically, repetitively, and with minimal human intervention.
The next section presents a discussion of the literature on third- and fourth-generation portal technologies
organised around the themes of case studies, maturity, barriers and drivers.

Literature Review (Case Studies, Maturity, Barriers And Drivers)
Leading-edge ICT: portlets and component-based design
First-generation approaches to web portal design are seldom component-based and involve non-reusability of
code. According to Bellas (2004, p. 54):
In this scenario, each portlet is a software component local to the portal, providing a complete user interface
through which the portlet can interact with the user and display content (provided by it or by anexternal service).
The problem with this approach is that any portal wishing to consume the services provided must reimplement
each portlet’s user interface because such services provide only content.
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Figure 7: First-generation approach to portlet design
Figure 7 (Bellas 2004, p. 54) describes a classic portlet-based portal architecture for reusing news content
across different portals. Each portlet is a software component local to the portal, with either its own content or
content provided by an external service.
In a leading-edge second-generation approach (Bellas 2004, p. 55) each remote portlet producer implements
a standard web service interface (defined in web service definition language) through which portals can interact
with the remote producer’s portlets. Portals can consume a given remote portlet, and portals can export their
local portlets to other consumers. Figure 8 describes the same services implemented in a component-driven
leading-edge portal solution.

Figure 8: Leading-edge portlet design
Portlets and component-based design have arisen as a design solution to these problems. Unlike firstgeneration portals, second-generation portals present a component-oriented architecture in which each portlet is
a component that can be easily plugged into the portal; thus, improving development, maintenance and
reusability.
The introduction of portlets has led experts to introduce the concept of component-oriented architecture, a
feature that was not offered by first- and second-generation portals. Portlets are software components with
various functionalities that can be easily plugged into the portal. These portlets can be reused by a number of
portals and their use improves portal development and maintenance. However, as these portlets can be developed
in one type of portal server and deployed in another, it is imperative to create standards that make them
compatible.
For instance, a local portlet plugged in to a portal provides a graphical interface that can be manipulated by
the portal user. Whenever an external portal tries to consume services provided by the portlet, each user interface
needs to be re-implemented as these services provide only plain text.
The electronic shopping cart provides a useful case study that demonstrates how portlet and component
approaches to the development of portals can result in efficiency and quality of service gains. Figure 9 describes
diagrammatically how this service is implemented according to first- and second-generation approaches.
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Shopping carts are implemented on each SMTE internet PoP and/or portal using a combination of client and
server side technologies. The portal functions as a hub and consumer products match results in referral to a
shopping cart on the portal or to a shopping cart on the product owner’s internet PoP.

Figure 9: First- and second-generation SMTE shopping cart
In this model, effort is replicated across the internet PoP and results in process and resource inefficiency.
Since SMTEs often lack the expertise required to build well-designed and implemented shopping carts, many
shopping carts are dysfunctional and deter e-commerce because consumers become frustrated with poor interface
design or are concerned with risks arising from insecure transaction environments. Trust is a known determinant
of consumer behaviour and there is a significant e-commerce literature on trust as a barrier/driver to e-commerce
adoption (Hoffman, Novak & Peralta 1999; Jones, Morris, Masera & Wilikens 2000; Wilikens, Vahrenwald &
Morris 2000).
In Figure 10, a shopping cart portlet that exists remotely to each of the nodes in Figure 9 supplies a
common, re-usable service. The shopping cart portlet can be deployed on the portal or owner/operated internet
PoP with a customised interface. In a full third- or fourth generation-approach, the portlet would be deployed as
an interactive web application to a personal web page created by the user on the portal. The portlet approach is
efficient as it is component driven, non-redundant, reduces cost and improves quality of service.

Figure 10: Shopping cart portlet
Standards have been developed for this portlet technology and the Organization for the Advancement of
Structured Information Standards (OASIS) has released the first version of the web services for remote portlets
(WSRP) standard (WebSphere 2003). With this standard, portals can interact with remote portlets by using a
standard web services interface. The portlet producer implements this interface. Whenever the user interacts with
the remote portlet layout (for example, they click on a portlet link or a submit button), the portal calls the
producer web service to get a new layout.
This standard has aimed to provide a means to develop portlets on various server technologies. As a result
of the establishment of this standard, software technologies such have subsequently released various class
libraries to allow web developers to implement this portlet technology. For example, the Java portlet API has
been developed by the Java Community Process. The Java portlet specification (JSR 168) enhances the existing
Java Enterprise Development Environment for implementing WSRP-compatible portlets that can be deployed in
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any standard Java portlet container.

Barriers to adoption of portlets: standards
As WSRP and Java portlets are in the initial version, some issues still need to be considered in future versions.
Some of theses improvements are mentioned by Bellas (2004, p. 1):
• the use of Universal Description, Discovery, and Integration (UDDI) for Web services and electronic
business using XML (ebXML) registries in WSRP to allow producers to publish information about their
portlets and portal administrators to find portlets that meet their needs;
• [Security] Currently WSRP uses only transport-level security mechanisms (such as secure socket
layer/transport- layer security, SSL/TLS). The standard will incorporate message-level security
mechanisms for Web services—Web Services Security (WS-Security), Security Assertion Mark-up
Language (SAML), and so on—when they are fully specified and supported;
• Filters (similar to servlet filters) and event-based portlet intercommunication; and
• WSRP-compatible APIs for other languages.
Gartner (Phifer & Gootzit 2003) predicts that 2005 will bring a major maturing of WSRP with the
publication of a compete set of portlet interopability standards.
Portlets and component-based design are established technologies that can be championed in online
development for Australia’s tourism industry through strategic initiatives. A combined scoping/case study of
component design is required to initiate new directions in portal design based on component approaches.

Leading-edge ICT: web services
According to Microsoft (2003) web services:
• Allow applications to share data.
• Are discrete units of code; each handles a limited set of tasks.
• Are based on XML, the universal language of Internet data exchange,.
• Can be called across platforms and operating systems, regardless of programming language.
• The benefits of web services (Microsoft 2003) include:
• Opening the door to new business opportunities by making it easy to connect with partners.
• Delivering dramatically more personal, integrated experiences to users via the new breed of smart
devices – including PCs.
• Saving time and money by cutting development time.
• Increasing revenue streams by easily making your own web services available to others.
Dimension Data (2002) has designed and implemented a travel portal based on the concept of web services.
The design objective was to construct a portal that interfaced directly with reservation systems for travel
suppliers (such as hotels, airlines, car rental agencies) and entertainment venues, and which created a
consolidated record for storing all aspects of a traveller’s itinerary (Dimension Data 2002, p. 1). First-generation
approaches to this problem have led to a plethora of propriety, fragmented solutions that result in inefficiency
and frustrations to customers and businesses alike:
Travel suppliers, faced with competition from online booking and ticket sales, are increasingly frustrated by
legacy infrastructure limitations that impede efficient travel experience management and restrict new service
offerings.
Currently, travel-planning services are fragmented, resulting in travellers being burdened unnecessarily with
the coordination of many details, particularly once a trip has commenced. This fragmentation also dampens
efforts of travel organizations to broaden the services they offer to travellers.’
Itinerary management provides a dramatic demonstration of the problems that can exist with using a firstgeneration portal type approach. With disparate proprietary systems (Dimension Data 2002):
The most significant shortcoming is its lack of flexibility in managing the travel experience after an itinerary
has been purchased—so support for the traveller generally ends before the trip even begins. Although hotel and
car rental segments of the itinerary depend on the flight segments, changes to the flight segments during the
travel experience do not seamlessly propagate through the itinerary. The cumbersome task of calling the
downstream hotel, car rental companies, and other individual travel suppliers to accommodate changes falls to
the travel agency or individual traveller.
While in the past, travel agencies commonly managed the travel experience on behalf of the traveller, with
the advent of online booking and ticket sales, many travellers no longer choose an agency that provides this
service. The bottom line is that travellers still require, at some level, human interaction to complete their travel
experience. Today’s systems cannot make adjustments to itineraries when one or more aspects of their travel
changes.
Over the last 10 years, the preferences and behaviour of tourists have shifted away from standardised
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packages designed by tour operators, to individualised products that are specifically selected and arranged to
meet the customer’s requirements and interests. This change has led to a much higher involvement of customers
directly in the trip planning process. However, as we discussed, searching for useful information in such a huge
database as the internet is usually a frustrating job, not to mention the burden to the consumer of organising trip
planning data into an integrated travel plan.
Dimension Data’s solution is a web services design approach that deals effectively with the problems and
limitations of the old GDSs. The main components of the travel portal and the maturity of these solutions are
described in Table 8.
Table 8: Travel portal software architecture (Reference)
Component

Technology used

Maturity

Drivers

Travel services
portal
(TSP.com)—

Intel® Itanium™ processor
eXtensible Mark-up Language
(XML)
Web services description
language (WSDL)
Simple object access protocol
(SOAP)
Universal description,
discovery and integration
(UDDI) technologies
Runs within a Java
environment based on the
Linux operating system.

Established

Allow customers to search
and select reservations
from various travel
suppliers
Successfully create an
itinerary in a quick,
convenient and cheap
manner

.NET Servers and Framework
browser-based clients as Java
server pages (JSPs)
Web services description
language (WSDL) interfaces

Established

Microsoft SQL Server
Microsoft .NET
Java 2 enterprise edition
(J2EE)

Established

Travel supplier
central reservation
systems (CRS)

SPNR storage
services
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Emerging
Established
Established

Established

Emerging

Provide information for
airlines, car rental
agencies, hotels etc.
Eliminate development
time and data access costs
Improve data access in
real-time.
Provide a repository that
stores and manages all
information related to a
customer’s travel
Bind information coming
form the above
components (see figure)
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Figure 11: How SPNR binds all components (Dimension Data 2003, p. 6)

In the above model, the consolidation of trip information is designated as a super personal name record
(SPNR). The traveller’s profile (PNR) is maintained by the TSP.com. The SPNR component, in turn, provides
travel suppliers with real-time information related to reservation of flights, hotel rooms and car rentals. This
communication is based on WSDL interfaces. Then the portal updates the other travel suppliers associated with a
traveller’s itinerary with the final arrangements. All changes to the traveller itinerary are recorded in the PNR
database.
Consumers and suppliers benefit from the component-driven WSDL approach because itinerary changes can
be negotiated automatically across customer reservations systems.

Leading-edge ICT: data mining
Leading-edge tourism portals are also significant users of data-mining technologies. The European city tourism5
web portal contains rich data-mining functionality. Wober (2003) describes how web content mining and web
usage mining are deployed on the European city tourism portal not only to generate destination marketing
relevant management reports, but also to learn actual system usage about how the portal adapts itself
automatically to the customers’ preferences.
At the heart of European city tourism web portal is the search engine used by the visitor who enters the
tourism web portal. In difference to the well-known general search engines like AltaVista, InfoSeek or Yahoo,
the search engine implemented in the European city tourism portal (Wober 2003, p.5) is a special purpose
domain-specific search engine that builds its index by scanning only consumer relevant information from a
predefined list of (tourism) websites. The portal has four core components, a resource database and maintenance
engine, the search engine, a protocol processing engine and a website analyser and management report engine.
Figure 12 is a conceptual model.

5

European Cities Tourism 2003, wwvisiteuropeancities.info, Retrieved 11 November 2004 from
http://quovadis.wu-wien.ac.at/.
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Figure 12: Conceptual model of European cities tourism portal (Wober 2003, p. 5)
According to Wober (2003, p. 5) the search engine contains an indexer which compares keywords extracted
from each individual web page with information commonly requested by users and generated by the protocol
processing engine. Congruencies are analysed and indices are stored into the database. The user interface allows
users to query the database and customize their searches. Users can search documents using keywords together
with appropriate Boolean operators and by voluntarily specifying one or several cities.
If the keywords specified by the user are available by the current index, the system will retrieve and present
all available web pages ranked by its relevance (see Figure 7). In case the user has specified a keyword which is
unknown by the system, the word will be stored and marked for the next web mining procedure. By this means
the web portal learns from actual system usage and adapts itself automatically to the customers’ preferences.
Wober (2003, p. 6) says that management reports, extracted from the protocol database can be classified into
three categories:
1. Information which describes system usage as an indicator for the success in marketing the tourism web
portal as an effective tool for undecided and decided city break travellers. (Typical key-indicators in this
category are the total number of visitations and queries made to the system and the distribution of
languages selected by the users);
2. Information which describes the users’ interests is available from the text he/she enters in the fields
‘keyword’ and ‘city’. Information collected here is comparable to the unaided response frequently applied
in travel surveys where interested in. A great deal of valuable information can be generated here including
the most frequently asked keywords and cities, and the distribution of query styles applied by users (i.e.
number of times users have specified only a keyword, a city name, or both), which can be used to estimate
the user’s stage in the travel decision making process; and
3. Relative measures for each participating city based on comparative information and analysis. The analysis
of ‘city bundles’, i.e. groups of cities which are commonly requested by a single web user, is a precondition
for effective collaborations in city tourism management and therefore highly interesting information from a
practitioner’s point of view. Another example for comparative information now available to the managers
is the user’s interest for a particular city, measured the number of times the city’s web site was clicked
divided by the number of times the web site was actually offered on the screen.
In summary, decision support systems (DSS) are being implemented in leading-edge ICT portal
infrastructure using data-mining technologies. These systems are capable of describing system usage as an
indicator of marketing success for the portal as a tool for undecided and decided travellers and describing
keywords used, languages and query styles (metrics that can be used to estimate the users’ stage in the travel
decision-making process). Keywords, languages and query styles can also be used by the system to learn from
system usage and adapt itself to customer preferences.

Leading-edge ICT: the semantic web
Whether implemented on a portal or via a search engine, first-generation matching of consumer needs to
information about tourism products or services places a significant burden on consumers. This burden arises
from:
• The proliferation of web resources.
• Reliance upon syntactic matching (for example, using keywords).
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• Limited diffusion of information retrieval skills in the internet user base that underpin efficient use of
internet searching technologies.
With keyword searching on the current generation internet, recall proceeds from an exact match between
one or more keywords selected by the user and words contained in robot-generated indexes that describe one or
more web resources. These indexes are compiled using algorithms that work with words found in documents and
do not explore semantic association. Within the XHTML and HTML documents that robots search, meaning is
obscured because this form of mark-up is intended primarily for the rendering of appearance.
The meaning in data is grounded in ontologies: ‘a formal conceptualization of a particular domain that is
shared by a group of people’ (Maedchea & Staab 2001). Ontologies provide the basis of descriptive mark-up:
mark-up that conveys meaning in data rather than how it should be rendered for presentation. Mark-up is very
good at capturing semantic association and the web is currently in transition to a new web, referred to by web
pioneer Tim Berners-Lee (2001) as the semantic web. Maedchea & Staab (2001, p. 3) identify the following
portal possibilities with developments referred to as the semantic web:
• Semantic search engines for tourism.
• Semantic-based electronic markets in tourism.
• Topic (aka knowledge) tourism portals.

Semantic search engines
In the semantic web, background knowledge about the meaning of web resources can be stored as machineprocessible meta-data that can be used by a semantic search engine (Maedche 2001) to explore semantic
association. Thus, the search for adventure tours could be semantically linked via XML metadata to whale sharks
and return a link list inclusive of Ningaloo Reef. In this way, recall is improved compared with syntactic
matching; that is, users are connected more effectively to the sources in which they are interested.

Semantic-based electronic markets in tourism
Maedche & Staab (2001, p. 3) describe the logic of semantic electronic markets in tourism. The proposed
semantic solution connects with the application of artificial intelligence techniques:
Automatic electronic markets help where the match between providers and requesters must be made fast
and/or there is a large volume of transactions. In tourism information systems both criteria apply. Late vacancies
of flights or lodging easily are lost, and new offers and requests come in by the minute. The scenario in tourism
is one of spot market for product. The parameters in tourism are complicated: location, time and amount,
parameters like quality of lodging, entertainment, geographic region, etc. play an eminent role. This requires a
rich conceptual model about the tourism domain such that the benefits of electronic markets may be applied in
tourism. One eventual goal could be that the final customers let their agents trade against the final providers with
agencies providing the market place and the integrated information.

Topic tourism portals
Knowledge via ontologies provides the conceptual backbone for providing, accessing and structuring
information in a comprehensive approach for building and maintaining knowledge portals. In Staab & Maedche
(2000) two examples for running knowledge portals have been presented: the research case study KA2-Portal,
and the commercial case study TIME2Research knowledge portal. The TIME2Research knowledge portal aims
to streamline the process the technical analysts performs because it allows for collaborative knowledge
provisioning. The KA2-Portal has been developed on top of the KA2 application, and serves the knowledge
acquisition community with relevant information about members, events, topics and publications – but for the
purpose of browsing rather than for semantic search.
Figure 13 (Maedchea & Staab 2001, p .6) shows the use of semantic mark-up to automatically generate a
topic portal on hotels in Paris.
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Figure 13: XML metadata generated topic portal (Maedche & Staab 2001, p. 6)
Employing a layers model, the maturity of semantic web technology is described in Table 9.
Table 9: Semantic web technology maturity (Reference)
Semantic web technology
Layers
Technology used
Syntax layer
XML
Unicode
URI (unique resource
identifier)
RDF layer
RDF-schema
specification (resource
description framework)
Introduces objectoriented model
Ontology layer
OIL
DAML
Logical layer
Various
Proof & trust layer

Various

Maturity
Established

Drivers
Semantic web must offer a
serialisation syntax

Established

Must be flexible enough to
represent all databases and be
able to link them in a logical
manner

Emerging

Create a list of keywords used
in a specific domain
Create rules that allow
inferences
Ensure secure transactions in a
semantic environment

Emerging
Emerging

Leading-edge ICT: agent-enabled portals
Developments in web services, the semantic web and intelligent information systems come together in the
exciting possibility of user agent based or so-called intelligent travel planning (ITP). Agents are programs
capable of autonomous action based on goals set for them by users. According to Knoblock (2004), ITP focuses
on assisting users in the trip planning process to select and combine the most appropriate components.
In an agent-based portal, the information broker role of the portal is combined with recommendations based
on user profile and contextual information in a tourist destination selection decision-making model. Istituto
Trentino Di Cultura’s Dietorics Project (2004) is a proof of concept agent-enabled portal project. DIETORECS
was initiated in July 2001 and completed in December 2003. Information Society Technologies financed this
project under Key action I, Research-line I-5.4: Intelligent systems for improved tourism and travel services.
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Figure 14: Intelligent recommendation system for tourist decision-making (DIETORICS)
According to the project team (Istituto Trentino Di Cultura 2004), the ultimate goal of DIETORECS is to
develop a recommendation system that not only will aid the tourist destination selection process, but will also
intuitively attempt to accommodate individual preferences. Personalised recommendations based on user profile
are on top of this project’s agenda, especially in the light of a severe dearth of recommendation systems available
to support potential tourists choose their ideal destination.
This web-based system is set to represent an invaluable interactive and conversational tool that will support
direct user data manipulation, through an array of access tools, for the selection of users’ preferred items. This in
turn ensures that the definition of the final products recommended matches individual users’ expectations. In
addition, this web-based system will provide product aggregation for a given destination in the form of a ‘travel
plan’, which tourists will be able to use once at the destination. This project proposes to achieve all the above by
deploying state of art technologies, and to experiment with ITs never utilised before for the realisation of
recommendation systems.
A joint project between CSIRO and Viator Systems called the travel itinerary planning system (TRIPS) has
also created interest. The system aims to provide an online travel planner that will make it easier for agents and
travellers to research and plan holidays.
The project has developed a web-based system that can capture the references, interests and requirements of
the traveller, and builds an itinerary by matching preferences with available travel products. The system also
provides a ‘plain English’ justification of the proposed itinerary. The system can take many interests into
consideration, including preferences indicating, ‘I must visit Florence’, ‘I do not wish to go to New York’, ‘I
want to go on at least one skin-diving tour’, and ‘I prefer hotels with swimming pools’. In addition, the user can
indicate basic conditions for itinerary construction, such as:
• Total length (in days) of the itinerary.
• Maximum cost.
• Departure date, or allow date to shift for minimum cost.
• Specified appointments; for instance, ‘I must be in Sydney on the 12th of January’.
The itinerary will cover accommodation, airline travel and tours. It will be drawn from a database of
hundreds of potential hotels and tours, and will be directly linked to airline schedules.
Here is a simple scenario to demonstrate the basic idea of TRIPS. Jenny and Tom Jones, and their daughter
Jasmine, are planning to visit Australia for Jenny's sister’s wedding. Jenny could enter the ETP web page and
enter the following information:
• Itinerary for 2 adults + 1 child.
• Start and finish in Manchester, UK.
• Commencing in mid-February next year, with length 4 weeks.
• Total cost less than AUD$11,000.
• Must be in Brisbane (for the wedding) on the 12–14 February.
• Interests: bird watching, scuba diving, and sun-bathing, crocodiles (currently Jasmine’s favourite
animal), koalas (of course), and bungee jumping.
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Jenny can now click on the ‘search’ button to find an appropriate itinerary. The itinerary may suggest flying
into Cairns Queensland on 8 February followed by a rest day, a tour to a crocodile farm one day, and bird
watching in the Daintree the next. Then fly to Brisbane (flight and departure times listed), where it will suggest a
hotel and assign at least three days free. Other tours may be organised departing from Brisbane after that. If
Jenny wants to explore, she can see how much more she would get by spending an extra AUD$500 by changing
that field and trying again. However, up to now, the details on how and when payment would be made have not
yet been finalised in this project.
Based on this system, Viator provided a dynamic packaging plug-in that can be found on its website
<http://www.dynamic.viator.com/>. This plug-in allows travel sellers to easily integrate the Viator range of over
1600 add-on products in more than 200 destinations world wide into an existing dynamic packaging system. The
plug-in program allows Viator partners to include this wide range of sought-after products in their booking path
without the effort of contracting new suppliers, or development of the content management and e-commerce
software required to host and sell such products. Figure 15 gives the architecture or workflow of this plug-in
program. We can see that basically there are four parts of it:
• Viator contracts product from suppliers in 40+ countries worldwide.
• Viator provides daily updates of the product database via XML.
• Partner integrates add-on offerings into their package booking process.
• Consumer selects add-on products as part of their package booking.

Figure 15: Architecture of plug-in program
In the following, we will give an example of how a partner could integrate Viator’s product range into an
existing packaging system. In this example, we’ve assumed the partner offers flight and hotel bookings, and that
the customer is booking a trip to San Francisco. The system uses the following data, collected during the flight
and hotel booking process, to search the database of Viator products:
• Departure date.
• Return date.
• Destination.
Based on these search criteria, the system returns products that are specific to the customers’ trip. The
system also ensures products are only offered for dates that are available; for example, certain tours do not run
on Mondays, certain attractions are closed Wednesdays, and so on. On the sample pages that follow, note that
the dates for the airport transfer options have been pre-filled.
To ensure the highest levels of customer service, partners must display all the information provided for each
product, or make the information available to the customer to view through a ‘more’ link or some similar option.
In the sample pages, a thumbnail description of each product is displayed initially; the customer then has the
option to read more information about the product by clicking the ‘further details’ link. The following figures
demonstrate a real process of how this engine works.
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Figure 16: Current book details

Figure 17: Available transfer options
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Figure 18: Available tour package options

Conclusion
This literature review on portals and directories has canvassed a number of topics in leading-edge design. This
section consists of conclusions from the review.

Conclusion: First- and second-generation portal technologies have re-intermediated the internet
First-generation internet technologies spawned a first generation of internet tourism portals. The e-shop
portal/directory enhanced business model is the dominant business model in operation in the industry today.
First-generation portals and search engines have dis-intermediated the traditional supply chain and substituted eintermediation (European Commission 2002).

Conclusion: First- and second-generation technologies exhibit disadvantages for SMTEs and are a
source of income leakage
An SMTE opting not to have its own internet PoP must depend upon portals and directories for B2C information
flows. First-generation internet tourism portals have inherited many of the limitations characteristic of firstgeneration internet tourism. Directories and portals provide limited opportunities for product differentiation, and
an adverse ranking can lead to problems with discovery. Furthermore, discovery problems may be compounded
when portals generate pages dynamically that cannot be indexed by search engines.
Depending on ownership and control, e-intermediation brought about by portals and search engines may
result in income leakage in much the same way as traditional intermediation in the GDS. The best example of
this is Google’s regime for banner advertising that imposes significant costs on SMTEs that wish to improve
rankings as part of e-strategy.

Conclusion: First- and second-generation technologies are self-service technologies
Current portals and directories are self-service. It is up to individuals to find and use these self-service options
manually. Moreover, information is not found within the same application context in which users need it. Further
disadvantages of first generation portals are that they:
• Do not employ the principles of component-based design.
• Do not integrate technologies enabling user agent of choice (almost all are predicated on desktop user
agent access).
• Have been overtaken by developments in web services, data mining and the semantic web.
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Conclusion: International trends in leading-edge ICT for tourism portals
In the European Union and North America, tourism portals are moving to third- and fourth-generation portal
technologies that address major limitations of first- and second-generation approaches. The web services
developed in these generations overcome the limitation of self-service by allowing applications to serve
themselves automatically, repetitively and with minimal human intervention.

Conclusion: Leading-edge ICT portal technologies employ portlets and component based design
In first- and second-generation approaches, common services such as shopping carts are implemented for each
internet PoP and this leads to redundancy, non-reusability, resource inefficiency and usability issues. In a portlet,
component-based approach to delivering this service, a shopping cart portlet exists remotely and supplies a
common, re-usable service. Such portlets can be deployed on the portal or owner/operated internet PoP with a
customised interface. In a full second-generation internet portal, the portlet would be deployed as an interactive
web application to a personal web page created by the user on the portal. The second-generation approach is
component driven, non-redundant, reduces cost and improves quality of service.

Conclusion: Leading-edge ICT portal technologies are significant users of web services
Web services allow applications to share data (typically with XML). Web services provide a solution to the
problems of self-service and consumer burden in tourism by allowing portals to share traveller data interchanged
as XML. In a web-services approach to customer reservations systems, itinerary changes can be negotiated
automatically across customer reservations systems. Dimension Data’s (2002) web-enabled portal solution for
travel and itinerary management is a working example of a web services-enabled portal solution for travel and
itinerary management.

Conclusion: Leading-edge ICT portal technologies are significant users of data-mining
technologies
Decision support systems are being implemented in these generations of portal infrastructure using data-mining
technologies. The European city tourism web portal mines portal logs to provide information that:
• Describes system usage as an indicator of marketing success for the portal as a tool for undecided and
decided travellers.
• Describes keywords used, languages and query styles (metrics that can be used to estimate the user’s
stage in the travel decision-making process).
• Enables effective evaluation of each of the participating cities’ marketing strategies and consumer
interest.

Conclusion: Leading-edge ICT portal technologies are being shaped by the developments known as
the semantic web
Maedchea & Staab (2001) identified the following web portal applications:
• Semantic search engines for tourism.
• Semantic-based electronic markets in tourism.
• Topic (also known as knowledge) tourism portals.
A very substantial research momentum exists internationally that is aimed at bringing the benefits of
semantic technologies to tourism.

Conclusion: Leading edge ICT portal technologies are exploring the potential of agent technologies
Developments in web services and the semantic web have created the potential for agent-enabled portals; that is,
intelligent systems that learn from user behaviour and work with user agents authorised by users to create
optimal travel plans. In agent-based portals, the information broker role of the portal is combined with
recommendations based on user profile and contextual information in a tourist destination selection decisionmaking model. The European Dietorics Project is currently under way at Istituto Trentino di Cultura, Italy. The
Electronic Commerce Laboratory (eCTRL) has delivered a working prototype <http://euproject.hgb.tiscover.at/dialogservlet>.

Recommendations for Priorities in the Conduct of Research into Leading-Edge
Portal Technologies
Trajectories in emerging third- and fourth-generation portal technologies describe what should be priority
industry research directions for Australia’s portal-based tourism infrastructure. The recommendations outlined
below arose from the review.
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RDF, XML Schema-based reasonable and reusable knowledge base for Australian tourism product
An RDF, XML Schema-based tourism domain specific knowledge base is a fundamental information source for
intelligent tourism searching and the delivery of web services that bring about integration of disparate
information sources that might be used for recommender and itinerary management systems (for example,
Dietorics, TRIPS). The national research effort to create this knowledge base should be a high priority.

Portlets and component-based design
Non-redundant, reusable approaches to common services offered by SMTEs can reduce the cost of e-commerce
and improve the quality of services delivered to consumers. A combined scoping/case study of component
design is required to champion new directions in portal design based on component approaches.

Web services
Web services bring about integration of disparate information sources that reduce the consumer burden of
internet travel planning, reduce costs to portal service providers and provide foundations for the development of
recommender and itinerary management systems. The addition of a web services layer to Australian CIT tourism
infrastructure has been slow to emerge. The industry would clearly benefit from an industry review/scoping
study of potential applications for web services and industry champion projects based on web services.

Agent-enabled tourism portals
There are no agent-enabled portals currently operating in the Australian tourism portal infrastructure.
Assumptions that consumers will not use agent-enabled (recommender) systems are not well grounded. Australia
clearly lags the European Union in this area, although projects such as TRIPS offer some encouragement. As the
web moves to a semantic standard for mark-up, these systems will become more common and agent-enabled
infrastructure will expand. A top tier portal agent project that enables Australian domain specific research of
consumer reaction to an agent environment is required to assess the potential of the technology.

Semantic technologies in tourism
Currently, Australia is not involved in semantic web product for tourism. The Maedchea & Staab (2001)
application agenda suggests important priority research directions in the development of semantic web portal
infrastructure for Australia that embrace:
• Semantic search engines for tourism.
• Semantic-based electronic markets in tourism.
• Topic (also known as knowledge) tourism portals.
Proof of concept or demonstrator projects in these areas would assist the industry in assessing the
significance of these initiatives and the development of an industry plan for semantic tourism product.
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Chapter 4

WIRELESS TECHNOLOGIES
Available Technologies
Currently, a number of wireless technologies are available that may have the potential for use in sustainable
tourism projects. These include:
• Mobile phones (2G, 2.5G, 3G, CDMA).
• Wireless local area networks (WLANs).
• Wireless metropolitan area networks (WMANs).
• Radio frequency identification (RFID).
• Global positioning system (GPS).

Potential Applications
A number of commercial applications using these wireless technologies could be considered for use in the
tourism sector. WLAN and RFID technologies can provide location-specific information for exhibits. This
application can be used to provide audio and visual content in a number of languages or to different target
audiences. The WLAN will be used to deliver information to clients using triangulation where the RFID system
is used to locate the visitor within the exhibit’s environment.
Regional hot spots can be set up using WLANs in an area with a large data pipe to the Internet. This
application could provide a local area intranet for businesses to share information and allow visitors to access
websites with local content when they subscribe to the service. This application’s benefit is that, potentially, it
could foster local e-business and allow visitors to access the Internet and local tourist information.
A bush walking tracking application could be used to service a number of walking trails such as the
Bibbulman Track, a bush track starting in the Darling ranges outside Perth and extending through the ranges to
the south west and finishing near Albany (approximately 1000km in length). The application would comprise a
mapping system that can be used in conjunction with a handheld GPS device. Maps can be pre-loaded into a
device to allow walkers to track progress and to provide location-specific information for points of interest along
the trail, so it would act as a mobile tour guide. The mobile device could be either already owned by client/user
or hired.
The diver tracker application would use RFID tags and sonar location to locate or keep track of divers. This
would provide a greater level of safety by checking a diver’s on/off status on charter boats. This application
could also be used for underwater location and tracking of divers, and could have an integrated panic button.
This application could have great commercial application and would increase diver safety by providing accurate
tracking/location of divers. Such a facility would increase the potential tourist interested in such activities.

Future Research Directions
Future research directions for wireless technologies and applications include:
• Provision of services to clients in geographically diverse areas utilising metropolitan area networks to
provide access to information in remote areas or regional hot spots.
• Development of off-the-shelf solutions that can be tailored for different industry needs; for example, a
‘bushwalker’ application that can be changed for different areas.
• Development of safety systems for adventure tourism using GPS and RFID based logging.
A number of advances will occur in wireless technologies in the near future. These will allow for greater
range, higher throughput, lower costs and increased integration. These advances can only increase the scope for
the application of mobile systems in the tourism sector.
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Paper 4 – Wireless Technologies
Andrew Woodward; Edith Cowan University

Review of Available Technologies
Currently, a number of available and emerging wireless technologies have the potential for use in sustainable
tourism projects. These include:
• Mobile phones (2G, 2.5G, 3G, CDMA).
• Wireless local area networks (WLANs).
• Wireless metropolitan area networks (MANs).
• Radio frequency identification (RFID).
• Global positioning system (GPS).
These technologies cover a wide variety of applications and range from user location, provision of locationspecific information and internet access to wireless business communities and electronic tour guides.
Applications for user location range from confined areas (such as museum exhibits) through to wide open areas
(such as bush tracks). The ability of wireless technologies to provide location-specific information is enormous.
Any one of the technologies listed above has the capacity to deliver location-based information in one form or
another that is specific to the user locale. This includes providing information such as location of items of
interest to tourists via mobile phones, accessing information from the internet on a PDA or laptop via a wireless
LAN, using RFID to locate visitors within an exhibit, or using GPS to provide location information. Further
applications and analysis, including advantages and disadvantages, for each of these technologies is described
below.

Mobile Phones
Digital mobile or cell phone systems are in widespread use in Australia. Currently, the GSM and CDMA
networks cover available mobile systems. The GSM networks are referred to as digital and include 2G, 2.5G and
3G technologies. The CDMA networks are a replacement for the previous so-called analogue mobile phone
networks and are predominantly employed in town sites in rural areas. At present, these two network systems
combined cover 97.5 per cent of the Australian population, but only 13.7 per cent of the land mass (DCITA
2004).

GSM phone systems
The GSM, commonly referred to as digital, mobile phone networks are predominantly located in metropolitan
and larger regional areas, and the majority of current mobile phones operate on 2G and 2.5G systems. The type
of content that can be delivered by these mobile phone networks is dependent upon the technology being used.
Currently, there are several different digital mobile phone networks operating in Australia. These include the 2G,
2.5G and 3G, and 3G is the newest and most advanced of these technologies.
The 2G networks, which are now largely considered to be a legacy, were only able to provide access to
information via the wireless application protocol (WAP). This technology was only able to deliver text-based
information and never really achieved widespread acceptance or use. Another major limitation of this technology
was that it was only capable of delivering very low bandwidth. Speeds ranging between 14.4 and 19.2 kilobits
per second were all that 2G systems were capable of delivering (Cummiskey 2001).
At present, the 2.5G networks are the predominant technology used in Australia. These networks make use
of general packet radio service (GPRS) technology to deliver the internet to mobile phone users. These networks
are capable of delivering bandwidth of up to 115 kilobits per second, but a speed of 50 kbps is more realistic
(Nortel 2004). While this is sufficient to deliver static images and text-based information, it is not capable of
delivering streaming audio and video.
The 3G-based networks have the major advantage of being able to deliver up to 384 kilobits per second
bandwidth. This amount of bandwidth allows for the delivery of both audio and video to users in real-time.
Unfortunately, this technology suffers from very low saturation, meaning there are relatively few areas in
Australia that actually have access to these networks.

CDMA networks
The CDMA digital network was installed in Australia to replace the analogue phone network system. It is meant
to provide coverage in regional areas, but also provide access in metropolitan areas. This system has an
advantage over GSM networks in that it does cover a fairly large geographical area. Unfortunately, this system
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has a throughput of only 14.4 kilobits per second. This low speed is only capable of delivering text to end users.

Advantages and disadvantages of mobile phones for tourism applications
As a delivery agent for location-based services (LBSs), mobile phones have several major advantages. The first
advantage of mobile phone systems is that they are reasonably ubiquitous; that is, most people already have a
mobile phone of some description and so the purchase of additional equipment is unnecessary. The other
advantage is that the infrastructure to support and deliver information to the phones is also mostly existent.
Larger areas in Australia (including all capital cities, their suburbs, the major regional centres and even many
country towns) have the presence of at least one digital network carrier. Another advantage of using mobile
phones to deliver LBSs is that the user is already familiar with the interface; this means little or no specific
training is required for the user to access information.
However, there are several disadvantages that make the use of mobile phones unattractive as the sole system
for delivering location-based content. Despite the increased sales of these devices, the actual geographical
coverage is limited to major metropolitan areas. Many Australian tourist attractions are located in remote areas,
which makes the use of mobile phones for the delivery of content to tourists impossible. The third generation, or
3G, networks are capable of delivering bandwidth that would be appropriate for content delivery, but coverage
of these networks is extremely limited. Other than in limited areas of the major capital cities, 3G coverage is not
available. Currently, there is only one provider of this type of network in Australia, Hutchison Telecoms,
although Telstra is installing 3G equipment (DCITA 2004).
Probably the greatest barrier to the use of mobile phone technologies in general is that content delivery is
largely limited to accessing information on websites. This presents a further barrier to the widespread use of
mobile phones: the phones themselves. In most cases, they are trying to deliver a web page to a screen that is far
too small. Even the 3G networks, while being capable of delivering streaming video, do so on a phone that has a
very small display area.
In Australia, another issue preventing widespread use of accessing the internet and other location-based
information via mobile phones is the high cost to the end user of delivering data to the phone. In addition to the
rental and access costs, users must also pay for accessing the internet to via their phone. For most users, this can
become prohibitive and will prevent them from attempting to access the internet via this means.
For international visitors, access in particular networks may be an issue depending on whether their home
carrier has rights to use Australian networks. In addition to this access, there will also be the additional costs of
accessing internet-type information. These issues may make the use of mobile phone to access technology
unacceptable, and users may find or resort to more traditional means.

Wireless Local Area Networks (WLANS)
This technology probably has the greatest potential in terms of applications for tourism, and is considered to be
the most suitable of the wireless technologies examined. It is inexpensive to purchase, readily available, has no
initial or ongoing license or access fees, and is scalable. This category comprises the IEEE 802.11 family of
protocols, and can provide very high bandwidth delivery to end users.
Most portable devices (PDAs, laptops, notebooks) manufactured in the last few years contain one of these
protocols as a built-in feature. This technology can be used to set up wireless access indoors and outdoors, and
can provide a means of delivering content-rich information. These technologies can be used for a number of
tourism applications. For example WLANs can be used to deliver content to visitors within an exhibit or
attraction, or access to local services and attractions in a regional area.
The actual equipment required to set up and establish a wireless local area network is simple and
inexpensive. The basic equipment needed to install a wireless network are access points and client cards. The
access point is a means by which client devices, such as laptops and PDAs, connect to a network. The client card
is the network device that allows the client to communicate wirelessly with other devices. Range extender and
directional antennas can also be used with this equipment to increase range and coverage.

The 802.11 protocols – an overview
The IEEE developed this family of protocols it covers several different technologies and frequencies. Since the
original 802.11 protocol was introduced approximately six years ago, there have been several new extensions
released. The original standard supported data rates of 1 and 2 Mbps, specified either frequency hopping or
direct sequence spread spectrum (DSSS) technologies, and operated in the license free 2.4 GHz band of the
radiofrequency spectrum. Advances made by manufacturers in the push to sell more products forced the IEEE to
release an extension to the original protocol, known as 802.11b (Maufer 2004). This was very similar to the
original standard, except that it utilised only DSSS but provided the major advantage of higher throughput. This
technology initially offered speeds of up to 11 Mbps, and proprietary technology later offered 22 Mbps. It also
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saw the introduction of the ‘Wi-Fi’ interoperability certification for vendors, and ensured equipment from
different manufacturers would communicate with each other (Planet3 Wireless 2002).
Subsequent to this, the 802.11a protocol was finalised. This protocol offered speeds of up to 54 megabits per
second and used the 5 gigahertz unlicensed UNII bands. Unfortunately, due to lack of range, high cost of
equipment, and market saturation of 802.11b products, this particular protocol never achieved major acceptance.
Based on the popularity of the 802.11b devices, a new standard, labelled 802.11g, was drafted and finalised.
This extension was essentially a combination of the previous two standards, that of ‘b’ and ‘a’. It offered the
range advantages provided by 2.4GHz devices, with the high-speed provided by the advanced modulation
techniques used in the ‘a’ standard.

Advantages and disadvantages
As with any technology, there are advantages and disadvantages to the wireless local area network protocols.
This will be discussed in terms of their relevance to tourism applications.
Major advantages of this technology include low cost, high speed, scalability and no licensing applications
or fees. Access point costs range from around $100 through to $1500 depending on features and manufacturer. It
is not necessary to spend a lot of money to get a good access point. For around $150 an access point can be
purchased that contains all the necessary operating and security features. Client card prices start at around $60
and go through to around $400, again depending on features and manufacturer. As with access points, a client
card costing around $90–$100 provides all the necessary features. One potential disadvantage is that antennas to
extend range and coverage can be expensive, and prices average around $300 for a high-gain antenna. The cost
of a high-gain directional antenna, such as the Yagi, could easily be $500.
Depending on the technology being used, as described in the previous section, maximum data rates ranging
from 11 through to 108 Mbps can be achieved. These data rates are highly favourable when compared with the
maximum data rate of 384kbps offered by the fastest mobile phone technologies. This speed is also a favourable
when compared with the most widespread fast ethernet wired network technology, which offers a maximum of
100 Mbps. The downside to this high data rates is that they are only achieved at reasonably short range; that is,
as distance from the access point increases, the data rate decreases. This is caused by signal attenuation and
lowering signal strength that cause the access point to use a more robust, but lower speed, modulation technique.
This is a particular problem of the 802.11a protocol, which starts to reduce its speed over a distance of 20 metres.
Wireless networks are considered to be scalable, in that wireless bridging devices and high-gain antennas
can be used to extend range and coverage of the network. Theoretically, there is no limit to the coverage of a
wireless network; however, there are problems in the range and coverage, in that the frequencies used are line of
sight. This means there must be a clear path for the signal to travel between devices if a viable link is to be
achieved. In particular, trees are a major obstacle for equipment operating in the 2.4 GHz frequency band
(Planet3 Wireless 2002). This is because radio waves at this particular frequency will be absorbed by water, and
as leaves contain water, trees become a major signal blocker. However, if a high point can be obtained, and highgain antennas used, there is no reason why they should be a major barrier to the use of this technology.
One of the advantages of using these technologies is that they are license free. This means no application
needs to be made to any licensing regulatory body to use these particular frequencies. However, being license
free presents a problem as well as a benefit. As no license fees are required, anyone is able to operate devices in
these license-free frequencies. This means if someone is operating a device on the same frequency as your
wireless network, it will cause interference. This will lead to a reduction in the effectiveness or even complete
disruption of the wireless network. This is a growing problem with operating wireless networks, particularly in
the 2.4 GHz band, because many devices operating at this frequency. These devices include microwave ovens,
digital cordless telephones, Bluetooth and, of course, both the 802.11b and g wireless networks.
Probably the biggest concern with the use of wireless networks is that of security. There have been many
publicised issues with keeping wireless networks secure that mainly relate to data security (Woodward 2004). In
particular, problems with the wide equivalent privacy (WEP) system for encrypting data with wireless networks
were of particular concern (Walker 2000). However, problems with the WEP system have been corrected by the
industry in the form of the WPA and WPA2 security extensions for wireless networks. These offer rotating key
security, and stronger, mutual authentication (Wi-Fi Alliance 2003). These methods make using the wireless
network as secure as using a wired network. This is not to say that wireless networks are invulnerable, as they
are still susceptible to the same types of attack or security problems that would be expected with the use of a
wired network.

Wireless Metropolitan Area Networks (WMANs)
While local area networks are excellent for covering small areas, there are many tourism applications that require
connectivity over larger areas, such as cities and rural areas. In these areas, wireless is an affordable solution and
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is an alternative to using copper and fibre-based solutions that can be extremely expensive (Eklund, Marks,
Stanwood & Wang 2002). Currently, the only way to achieve such coverage is with a combination of wireless
network technologies. The current solution is to use proprietary 802.11 equipment to achieve this wider area
coverage. While these devices are good for meeting security and performance requirements, they have
drawbacks in terms of support and interoperability (Geier 2003). While the use of 802.11-based equipment for
metropolitan-sized networks decreases costs, it has performance limitations when supporting larger numbers,
and RF interference can be a significant problem due to license-free operation. To address these problems, the
IEEE has developed the 802.16 metropolitan area network standards (IEEE 2004).
This is an emerging technology currently in development and it is based on the IEEE 802.16 draft protocol.
The equipment required to set up such networks is available now, and it is foreseen that by mid-late 2005, a
number of devices that can access these networks will be readily available. However, early adopters need to be
careful about purchasing this equipment as it is based on a draft of the standard, and may face interoperability
problems with future equipment. Another disadvantage is that the equipment currently available is expensive.
Some of the equipment already available is being set up and sold in some parts of the world (Cook 2004).
The technology uses a range of different frequencies to distribute information wirelessly. These include a
number of license-free bands and the potential to make use of licensed bands also. It uses orthogonal frequency
division multiplexing (OFDM), a modulation technique used by 802.11a and g to achieve high data rates. It has a
reported range of up to 50 km, and can deliver bandwidth of up to 72Mb/s.
Currently, the main barriers to WMANs are its availability and cost. While not prohibitively expensive, the
cost is likely to rule out its use for all but the largest organisations. However, a major use of this technology is as
a distribution backbone to provide inter/intranet access to WLANs. Metropolitan area networks (MANs) can be
used to provide access and support for tourism operators in remote and regional areas. The MAN is used to
provide wide high-speed coverage in a particular area, and WLANs are used to provide the local area coverage
and access.

Radio Frequency Identification (RFID)
This technology provides some exciting possibilities for application in the tourism sector. While initially used as
bar code replacement devices, these ‘tags’, as they are known, can now store information and be read at
distances of up to 100m (Zebra Technologies 2004). They are grouped into three categories: passive, semi-active
and active tags. Tags may also be classified according to their frequency. There are low frequency (125 and
134.5 KHz), high frequency (13.56 MHz), ultra-high frequency (UHF) (868 to 956 MHz) and microwave tags
(2.4 GHz). All tag types have advantages and disadvantages depending on the intended application. Initial tags
faced a problem known as multiple tag in the field (MTIF), which meant if more than one tag was in range of a
reader, neither tag could be read. This has been corrected in newer tag systems and has not been a problem for
several years.
Passive tags require no battery and, therefore, will theoretically last forever. The power comes from the
reader used with the tag. The tag has an antenna built into it that not only receives the signal, but also induces a
current that generates sufficient power for the tag to respond to an inquiry from the reader. They can be very
small and very cheap: well under $1 per tag. The barrier to the use of passive tags is that they have a fairly short
range: from 1cm to 3m depending on the tag used. The tag’s size will effectively determine the range: the larger
the tag, the greater the range (Savi Technologies 2004). Current applications for this type of tag include
inventory tracking of items such as tyres and razor blades, and tracking of objects such as pets and children
(McKay 2004).
The other tag types, semi-active and active, have much greater ranges; however, these have a usable life due
to the incorporation of a battery. Active tags can be as small as the size of a coin (1–2cm), have a range in the
tens of metres (up to 100m for larger tags) and have a battery life of years. These tags can also store a reasonable
amount of information, and can be both read from and written to in the field. The downside is that these tags cost
more than passive tags, but they are still relatively cheap (Savi Technologies 2004).
The usefulness of tags comes from their low cost and ability to store information. Some potential uses for
the tourism sector include the ability to locate a visitor in an exhibition, or to store information as part of a
location-based information delivery service. These tags are most effective when used in conjunction with some
other technology such as WLANs. A tag reader could be incorporated into a hand-held information device
carried by the visitor. As they approach a particular exhibit, the reader picks up the tag’s ID and uses this to
retrieve information specific to the particular exhibit the visitor is situated near. The information could be stored
locally in the device or streamed to it using a WLAN. In this instance, tags that have a short range are actually
advantageous because they can only be read for a short distance from the exhibit. The use of long-range tags
would cause a problem because information from other exhibits would be sent to the wrong user. There are some
security and privacy concerns associated with RFID tags, but this comes from the use of putting a tag on a
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person, and would not apply to this type of application.
Another application already being trialled in the United States is the use of tags to track visitors to theme
parks (Gilbert 2004). Visitors are given a wristband containing an RFID tag that allows their location to be
tracked and monitored throughout the park. The idea is for parties or groups that get separated to be able to find
each other; something that is particularly useful for parents of young children. Again, there are some potential
privacy issues with the system, but the benefits outweigh the issues.
The range, features and lifespan for RFID tags are constantly evolving and creating potential new
applications and a rapid rate. Many of these applications have potential use in promoting tourism.

Global Positioning System (GPS)
The global positioning system has been used for many years. The technology requires a series of geostationary
satellites to allow a user with an appropriate device on the ground to know their location to within about 15m
(Garmin 2004). Military systems provide far greater accuracy but commercial systems are not able to access this
accuracy. GPS satellites transmit two low-power radio signals, designated L1 and L2, and the L1 frequency of
1575.42 MHz is used by civilian systems. The signals are line of sight at this frequency, meaning they will pass
through clouds, glass and plastic but will not go through solid objects, such as buildings and mountains. This
system is used in conjunction with mapping software to provide users with a location based on a street directory
or some other system.
The advantage of GPS is that similar to wireless LANs, there are no licensing fees associated with it and,
unlike RFID, it requires no tags or other identifying items to be placed in the ground. Another advantage is that it
will work fairly well everywhere outside, except for the limitation of line of sight. The only disadvantage is that
the purchase of a GPS-enabled handheld device is necessary. Such devices currently range in cost between $600
and $1000 depending on the features and capacity.
The potential applications for this technology relate to its use in conjunction with a PDA or some other
portable handheld device. This type of system is known as GPS for applications or GPSA. The aim would be to
use the GPS-enabled device as a means of locating particular areas of interest for a user. The software would
store the information locally, and the GPS would trigger the display of the location-appropriate information.
Current systems are only used for a street directory-type of application. The only potential drawback of such a
system is its intended target area: remote locations. The problem is that the mobile devices require power of
some description, something that isn’t usually or easily available in remote areas. These problems are not
insurmountable, and manually operated chargers and solar recharging equipment are viable solutions. It is felt
that a development kit based around a GPSA type of product has much potential for use in location-based
systems in remote areas.

Potential Applications
A number of commercial applications using these wireless technologies could be considered for use in the
tourism sector.

Location-specific information within tourist attractions
WLAN and RFID technologies can provide location-specific information for exhibits. This application can be
used to provide audio and visual content in a number of languages, or to different target audiences. The WLAN
will be used to deliver information to clients using triangulation or TDOA, and the RFID will be used to locate
the visitor within the exhibit.

Regional hot spots
Regional hot spots can be set up using WLANs in an area with a large pipe to the internet. This application could
provide a local area intranet for businesses to share information while also allowing visitors to access websites
with local content. Visitors could be given free access to the intranet and subscribe to the service if they wished
to have full internet access. The benefits of this application are that it could potentially foster local e-business
and allow visitors to access the internet and local tourist information.

Adventure tourism
A bush walking tracking application could be used to service a number of walking trails such as the Bibbulman
Track, a bush track starting in the Darling ranges outside Perth and extending through the ranges to the south
west and finishing near Albany (approximately 1000km in length). The application would comprise a mapping
system that can be used in conjunction with a handheld GPS device. Maps can be pre-loaded into a device to
allow walkers to track progress and to provide location-specific information for points of interest along the trail
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(mobile tour guide). The mobile device could be either already owned by the user or hired.
The ‘diver tracker’ application would use RFID tags and sonar location to locate or keep track of divers.
This will provide a greater level of safety by checking divers on/off charter boats. The application could also be
used for underwater location and tracking of divers, and a ‘panic button’ could be integrated. This application
could have great commercial application and would increase diver safety due to accurate tracking/location of
divers. Such a facility would increase the number of tourists potentially interested in such activities.

Priority Research Directions
The priority research directions for wireless technologies and applications include:
• Provision of services to clients in geographically diverse areas. (Utilisation of MAN equipment to
provide access in remote areas – regional hot spots.)
• Development of ‘off-the-shelf’ solutions that can be tailored for different industry needs. (A
‘bushwalker’ application that can be changed for different areas.)
Development of safety systems for adventure tourism (GPS, RFID logging).
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Chapter 5

USABILITY ENGINEERING FOR ICT TOURISM SYSTEMS
Usability testing involves measuring the quality of user experience in deploying a particular application such as
software applications, websites, electronic devices, mobile phones and so on (Georgievski & Sharda 2004).
According to the International Standards Organisation, usability is the ‘effectiveness, efficiency and satisfaction
with which set of users can achieve a specified set of tasks in a particular environment’ (Usability Net 2004).
Currently, usability engineering plays a major role in producing user-oriented systems. The concept of usability
has been around for decades; however, since the advent of the computer and telecommunications age, a usability
studies have proliferated. This has led to the development of usability engineering, testing, studies,
methodologies, evaluation techniques and laboratories. Currently, researchers and developers are beginning to
introduce and integrate usability engineering within their product development cycle to create more ‘usable’
products.
As technological advancements are being made and complex systems introduced within the tourism
industry, it is crucial that we engage in research and development to enhance the usability of ICT applications
within this industry. As applications and/or software systems developed within the tourism industry are to be
used by different users who may not be technologically literate, it is essential that any ordinary user can interact
with the system efficiently and effectively. Since these applications will be used in real-time and in the real
world, users will require the system to provide information ‘on-demand’ without any difficulties or delays. More
importantly, it is expected that in such situations the user will only use the system if it functions as expected.
Currently, various research bodies have introduced and incorporated usability studies into their research and
development of tourism ICT systems. At the Alborg University, Denmark, research has been carried out in
evaluating the usability of a mobile guide (Kjeldskov 2004). The e-Tourism Working Group in Austria has
conducted research in the user interface aspect of its e-tourism semantic web portal (Henke 2004). The local
location assistant (LOL@) developed by the Telecommunications Research Centre Vienna has performed
usability studies on the user interface for improving human-computer interaction (HCI) for the LOL@ system
(Pospischil, Umlauft & Michlmayr 2002). With various research bodies beginning to incorporate usability
studies into their research for improving HCI, we can anticipate that in the near future there will be a growing
demand for usability testing methods and procedures adapted for tourism ICT systems.
There is a need for integrating usability engineering with research and development of tourism ICT systems.
By doing this, it will vastly improve the HCI aspects of these systems, which will eventually lead to innovative
interaction methods and interface designs. To conduct usability research in tourism ICT systems, many standard
usability techniques, methodologies, procedures, evaluation strategies and laboratory configurations need to be
modified. This will result in the development of new usability techniques, methodologies, procedures, evaluation
strategies and laboratory configurations to cater for all aspects and scenarios encountered in tourism ICT
systems, including mobile services, such as, Mobile Location-based Services.
To enhance customer take up of WISEs and MLSs, there is a need to conduct thorough usability research to
bridge any gap between the application’s functionality and user expectations. In doing this, it will be possible to
develop innovative methods for HCI via the use of new graphical user interface designs and physical user
interface devices. Usability studies in tourism ICT systems can be identified at three levels:
At the ‘interface level’, various factors must be considered such as learnability, memorability, efficiency,
reliability, and satisfaction:
• At the ‘system level’, the factors to be considered are reliability, latency (delays), and security
(confidence).
• At the ‘service level’, the factors to be considered are desirability, cost of change over, and retraining
cost.
Many researchers and developers tend to develop the underlying technology of a system first and then
attempt adapt/map the functionality of the system according to the users’ needs. This is the bottom-up approach.
This causes a predicament in the HCI of the system as the functionality of the system is mismatched with the
demands of the user, which renders the system inefficacious. With a usability engineering focus, systems are
developed top-down. User requirements, expectations, demands, experience and knowledge are taken into
consideration first, and then used to inform the system design process.
Conducting usability research for tourism ICT systems will provide the opportunity to develop a tourism
interaction usability engineering resource (TIUSER) kit that will comprise of specifications of laboratory
configurations, formal methods, techniques and procedures for usability experimentation, analysis and
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evaluation that are tailored for tourism ICT systems. We can foresee that such a kit would benefit the tourism
industry by providing the ability to produce better user-oriented technology and enhance the HCI for tourism
ICT systems. Appendix D comprises two usability papers. The second paper includes the design of a mobile
usability test facility for testing mobile tourism ICT systems (Kimber, Georgievski & Sharda 2005).

Paper 5 – Re-Engineering the Usability Testing Process for Live
Multimedia Systems
Mladen Georgievski & Nalin Sharda; Victoria University

Abstract
This paper presents a comparative study of the traditional usability testing process and our re-engineered
usability testing process for live multimedia systems. We provide an overview of current usability testing
techniques and usability laboratory configurations, and identify some gaps in the traditional usability testing
approach. Traditional usability testing procedures are suitable for testing systems in the static environment but
prove to be sub-optimal in testing systems for dynamic (real-time) environments. We compare the traditional
setup with our innovative laboratory configuration that consists of three computer systems: the test system in the
middle augmented by two systems on either side that function as the scenario presenter and the data collection
system. The re-engineered usability testing process streamlined usability experiments and reduced the task
completion times.

Introduction
As computing technology infiltrates modern society, we interact with computers and electronic devices
regularly. These devices are used in almost every aspect of our daily lives, including communications,
entertainment, education, marketing, research, health, medicine, and so on. As society becomes dependant upon
efficient and effective interaction with various computer/electronic equipment, it becomes essential that research
and development caters for more usable/user-friendly interface systems for interacting with such equipment.
While there is a demand for research in usability engineering to contribute toward developing usable
systems, there is further need in developing refined procedures and methods for carrying out efficient and
effective usability studies. Traditional usability procedures and laboratories are mainly configured for
performing usability studies in non-real-time software applications. These comprise stored applications that
require less stringent constraints on delay and other timing factors. These applications include websites, mobile
devices, database software systems, and so on. Traditional usability laboratories do not cater for conducting
usability studies in real-time software applications that require stringent constraints on delay and timing factors.
These include multimedia applications such as video on demand, video conferencing, telephony conferencing
and so on (Sharda 1999).
In using the traditional usability testing process, we identified factors that hinder conducting usability testing
of real-time software applications. This led to the development of a new approach for usability testing that is
particularly suitable for real-time software systems. We explain the innovative process for data collection,
scenario synchronisation/task scheduling and task completion time/error count logging based on our innovative
usability laboratory configuration. Section 2 includes an overview of usability testing. Section 3 presents the
traditional usability testing process, and section 4 explains the re-engineered usability testing process. Sections 5
and 6 provide a conclusion and suggestions for further work respectively.

Overview of Usability Testing
Usability testing involves measuring the quality of user experience in deploying a particular application, such as
software applications, websites, electronic devices, mobile phones and so on. According to the International
Standards Organisation, usability is the ‘effectiveness, efficiency and satisfaction with which set of users can
achieve a specified set of tasks in a particular environment’ (Usability Net 2004). Usability testing emerged
during the Second World War when intensive research was carried out into the use of new technologies. It was
discovered that through good interface design for new technology, the efficiency and performance for automated
tasks increased. As technology advancements led to the computer and telecommunication age, the need for
research into developing usable equipment emerged and, thus, a usability revolution took place. As a result of
this extensive research, usability engineering, testing, studies, methodologies, evaluation techniques and
laboratories have surfaced and evolved to the degree where we have international standards for producing usable
equipment. In the area of computer science, usability testing methodologies have been developed generally
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toward testing software applications and websites that operate in non-real-time environments. Currently,
procedures in usability testing are cumbersome and inefficient for usability studies in real-time systems.

Overview of Our QoS Research
We are currently developing a holistic three-layer QoS (TRAQS) model that defines three perspectives for the
negotiation of QoS: user perspective, application perspective and transmission perspective layer (Georgievski &
Sharda 2003a). The TRAQS model allows the user to specify the desired QoS by using a QoS parameter
taxonomy and an application taxonomy. For the specification of the desired QoS, a variety of graphical and
physical interfaces can be used. In this research, combinations of various graphical user interface (GUI) elements
and physical user interface (PUI) components are tested for the static6 and dynamic7 management of QoS
(Georgievski & Sharda 2003b). This research investigates how the user can interact with a multimedia
application in real-time without interrupting the session, and the relationship between the GUI and PUI for such
interactions. Similar research in usability testing includes the JUPITER2 project (Wilszus n.d.).
In this paper, we use a specific usability experiment: ‘Experiment CTRL-1a: fundamental use of diverse
combinations of PUI devices and GUI components for system control’. This experiment aims to determine the
most suitable PUI components for controlling various GUI elements. The participant interacted with a simulated
interface (Figure 19) developed for this experiment. The user interface comprises every possible GUI elements
such as push buttons, radio buttons, scrollbars and so on. A scenario of 10 tasks was used that instructed
participants to perform certain tasks using the simulated interface with a PUI device. Upon completion, the
participant performed another scenario of tasks of the same nature with another PUI device (Georgievski &
Sharda 2003b). This was repeated for each PUI device. Data were collected via pre-experiment and postexperiment questionnaires, error counts were recorded by the facilitator, and task completion times were
recorded by the observer. First, we performed these experiments using the traditional usability testing process,
and then we used our re-engineered usability testing process.

Figure 19: Simulated GUI interface for testing various PUIs

Traditional Usability Testing Process
The traditional usability testing process involved using the traditional laboratory configuration (Figure 20),
which includes a participant room adjacent to an observer room. The participant room comprises a series of
computer workstations, and the observer room comprises a monitoring system (Nielson 1994; Usability
Research n.d.). Our earlier trials using the traditional procedure to conduct this experiment are presented in the
following subsections.
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Figure 20: Traditional usability laboratory: (a) photograph of the participant room, (b) laboratory
configuration

Laboratory configuration
We started with a laboratory configured using the traditional approach. In the observation room, we had an
analog monitoring system that comprised a four-channel video multiplexer giving four different camera views of
the participant (Figure 21): side profile, front face, controller view and screen capture view.

Figure 21: Monitoring system screen capture
The observation room was used to observe and record the camera views on a VCR and task completion
times manually. The participant room comprised three test systems. The user performed the experiment on one
of the test systems while reading the scenario from a hard copy. The user completed pre-experiment and postexperiment questionnaires on hard copies. The facilitator manually recorded the error count per task on paper.
The laboratory configuration and the manual processes enabled us to successfully complete the experiments.
However, we found that the users:
• Became tired of having to read the scenarios from the hard copy.
• Found it difficult to keep track of numerous tasks, as each scenario comprised multiple tasks.
This adversely affected the task completion times. Recording the questionnaire responses was time
consuming and the users found it quite tiring to complete it after each scenario. The facilitator found it difficult
to keep track of each task performed and error counts per task. The same applied to the observer; it was difficult
to keep track of each activity and record task completion times in real-time. This usability setup proved to be
inefficient and added unwelcome workload and delays in recording, transcribing and managing data.
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Scenario synchronisation/task scheduling
Real-time recording of task completion times and error count per task hampered the synchronisation between the
participant, facilitator and observer. It was difficult to keep track of each activity. This resulted from the fact that
all scenario tasks were read from hard copy by each person and, furthermore, the observer and facilitator were
required to record data on hard copy in real-time. At times the participants became confused. Synchronising the
start of the experiment and video recording became an issue, as participants were not aware if recording
was/wasn’t taking place. It was difficult to randomise the scenario tasks to keep the user from remembering each
task, which would affect the usability results.

Task completion time/error count logging
The facilitator and the observer were responsible for recording the error count and the task completion times.
Recording results on hard copy and keeping track of the user activities produced many invalid results, which
required reviewing the recorded data to validate all data. This also proved to be time consuming.

Data collection
As all data were recorded on hard copy, it proved to be very time consuming to collate and transcribe it later in
Microsoft Excel for analysis. For this experiment, manually collating the results for five participants took a
minimum of eight hours, and transcribing the data into Microsoft Excel was error prone. Frequent verification
and validation of all data were required to eliminate errors. Consequently, carrying out collation and
transcription of results for more people and for multiple experiments seemed unviable. Performing the entire
experiment for one participant (which included usability testing each device, recording and collating the results)
required approximately 10 hours. To perform this experiment using 10 participants would take 100 hours and the
results would be prone to errors. From this experience, we realised that a more integrated and automated process
was required.

Overall impact on experiment
Using the traditional process for carrying out usability experiments proved to be error prone, cumbersome and
time consuming. This affected the performance of the experiment personnel. It proved difficult to manage and
validate the recorded data. Frequent reviewing of the video recording was required to confirm data validity. The
overall impact of the traditional process was twofold:
• Maintaining synchronisation between the task being carried out by the user and recording its data (by
the observer and monitor) was very difficult.
• Collating the recorded data was time consuming and error prone.
The following sections outline our re-engineered usability testing process that improves the traditional
testing process.

Re-Engineered Usability Testing Process
Our novel usability testing process involved reorganising the usability laboratory and re-engineering the testing
process. The observer and participant rooms remained the same; however, reconfiguring the hardware and
software in the participant room was required.

Laboratory configuration
Our re-engineered testing process, in conjunction with the re-organised usability laboratory, enhanced the
efficiency and effectiveness of the usability experiments. As shown in Figure 22, repositioning of equipment was
carried out in the participant room. This new placement used test systems 2 and 3 for presenting the scenario and
online recording of the participants’ response to the questionnaires. This configuration includes the test system
augmented by a scenario presentation system, and a data collection system.
The scenarios are presented as a Microsoft PowerPoint presentation on the scenario presentation system.
This eliminates any confusion in keeping track of tasks completed by the participant, as the user walks through
the scenario presentation step-by-step.
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Figure 22: New usability laboratory setup: (a) photograph of the participant room, (b) laboratory
configuration
Each time the participant completes a task, they are required to click the space bar on the keyboard to
display the next task. The data collection system stores and records the pre-experiment/post-experiment
questionnaire responses on the local hard disk. An automated backup software copies these data to the
monitoring computer in real-time.

Figure 23: Task completion time logging screen
The monitoring computer has an online timer (Figure 23). The observer is required just to click the mouse
button each time a task is completed. This timer records the log files in a Microsoft Excel spreadsheet that
enables easy data manipulation for further analysis. The observer is now able to remotely view the scenarios and
tasks displayed on the scenario presentation system via the video monitoring system. This facilitates close
synchronisation of experiment activities with the participant’s actions. An automated process for task completion
time logging is yet to be developed. The repositioning of the laboratory equipment enabled the facilitator to
remotely view the scenario displayed on the scenario presentation system. This made it easier for the facilitator
to maintain synchronisation with the activities taking place inside the participant room.

53

RELATED UNDERLYING TECHNOLOGIES

Scenario synchronisation/task scheduling
For controlled usability experiments, scenarios are used to present a situation where appropriate actions are to be
taken to complete a specific function. These actions in a scenario are expressed as a list of tasks. For this
experiment, each scenario contained a series of 10 tasks. Task scheduling involved the participant executing each
task in the given order. Using the traditional approach, it was difficult to maintain synchronisation for each task
as some tasks were completed very quickly by the user. This didn’t give enough time for the observer and
facilitator to record error counts and task completion times. This also disrupted the synchronising of activities
between the participant, observer and facilitator. Our re-engineered process has enabled easy synchronisation of
scenarios and task scheduling by streamlining the testing process. Storing data in an electronic form facilitates
the process of randomising the scenarios and tasks. Currently, synchronising the start of the video recording with
the start of the experiment remains an issue. However, manually performing this task does not have any
detrimental effect on the experiment’s performance. Nonetheless, automation of this function would enhance the
testing process.

Task completion time logging
We have improved the process of real-time logging of the task completion times by installing an online timer on
the monitoring computer. Storing the recorded times in Microsoft Excel spreadsheets makes it easy and efficient
to collate the data and analyse the results. An improvement to task completion time logging would require a
software application synchronised with the presentation on the scenario presentation system.

Data collection
We have enhanced the process of recording participants’ response through the use of the data collection system.
On the data collection system, we have questionnaires loaded as Microsoft Excel spreadsheets. These
spreadsheets are locked down, and the participant can only alter information in the fields specified as unlocked.
This process assists in the protection of data that should not be altered on the questionnaires. This process has
proven to be very efficient and it facilitates the validation of data. This reduces the chances of making errors or
losing data by eliminating the process of manually transcribing the data into Microsoft Excel. Using software
that backs up the data in real-time prevents data being lost.
Using this novel approach to collate the data for multiple participants and experiments proves to be
systematic and less time consuming. To perform the entire experiment for one participant (which includes the
usability test for each device, recording and collating the results) takes approximately four hours. To perform
this experiment using 10 participants would take 40 hours, as opposed to 100 hours for the traditional approach.

Overall impact
Using our re-engineered approach to conduct the usability experiment proved to be quite efficient and
efficacious. Reorganisation of the laboratory assisted in streamlining the process for reading the list of tasks in a
scenario, performing the tasks on the test system, and finally completing the pre-experiment and post-experiment
questionnaires. Reconfiguration of the hardware and software assisted the process of synchronising the activities
between the facilitator, observer and participant. Storing data directly in electronic form, and using a software
system to backup the data in real-time, assisted the process of data collection, transcription, and management.
Using the online timer and logging software for recording task completion times improved the process of
maintaining accurate time logs and synchronising the activities between the observer and the participant.
An improvement to this process would be to develop software that monitors the participant’s activities,
compares it with the tasks presented in the scenario, and automatically logs the task completion time for each
task. To improve the facilitator’s duty of recording error counts, we recommend using a monitoring application
stored on the test system that observes the activity performed, compares it with the tasks presented in the
scenario and automatically logs any errors.
In Figure 24, we present a comparison of the task completion times for a controlled experiment performed
using the traditional approach and one for our novel approach. In this experiment, a participant performed a
scenario of 10 tasks using one PUI device (joystick). As shown, the participant made frequent errors using the
traditional approach and took much longer to perform each task. It took 16 minutes and 53 seconds to complete
the experiment using the traditional approach, and only it took 10 minutes and 54 seconds to complete the
experiment using our re-engineered process.
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Figure 24: Comparison of the task completion times for the traditional and re-engineered usability testing
approach
Using the traditional approach, there were a total of 10 errors made within the process of conducting the
experiment, and a total of 9 errors were made using our re-engineered process (Figure 25). In such a small-scale
experiment, this may not be very significant; however, when carrying out large-scale usability tests, minimising
all possible errors and maintaining validity of data are highly significant.

Figure 25: Comparison of the error count for the traditional and re-engineered usability testing approach

Conclusion
We have presented an analysis of the traditional process for carrying out usability tests and identified its
shortcomings for testing real-time systems. We addressed the issues involved in using the traditional approach
by providing a re-engineered usability testing process. The traditional usability testing process may be suitable
for carrying out usability tests for non-real-time applications such as websites, mobile devices and database
software systems. However, for testing real-time systems, it proved to be inadequate. Our re-engineered process
addressed these issues by improving data collection, scenario synchronisation/task scheduling and task
completion time/error count logging as well as the laboratory setup. Needless to say, even this new process has
room for improvement.
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Further Work
As an enhancement to our re-engineered usability testing approach, we propose developing software that can
automate the process of synchronising duties for the participant, the observer and the facilitator. This software
system could perform error logging, task completion logging, video recording, and management (backup) of
recorded results. We can foresee that such a system would enable usability testing to evolve into the next
generation where fewer personnel would be required to carry out experiments. This would lead to many benefits,
such as minimising the costs of running usability tests, and enable more thorough testing of new technology;
thus, producing better user-oriented technology and enhancing the human–computer interaction.

Paper 6 – Developing Usability Testing Systems and Procedures for
Mobile Tourism Services
Jayden Kimber, Mladen Georgievski & Nalin Sharda; Victoria University

Abstract
Tourism ICT (Information and Communication Technology) systems are increasingly becoming mobile.
Usability testing is important for developing effective design of systems with which users have to interact.
Classical usability testing systems use a laboratory in which test participants interact with the system under test.
A facilitator helps the participants, and an observer controls and observes the entire process. For effective testing
of mobile systems – such a Mobile Locations Based Services for travel and tourism – we need to establish
ubiquitous testing facilities and associated testing processes. Such a facility can be set-up for around A$12,000
and used for offsite usability testing of tourism ICT systems.

Introduction
Modern tourists interact with Information and Communications Technology (ICT) based systems throughout the
life cycle of their tour, for planning as well as touring. In-depth usability testing is of paramount importance
when developing systems and services to ensure that these get used widely. Increasing number of tourism ICT
services are being delivered on mobile systems. Therefore, it is important to create mobile usability testing
systems and procedure.
At times, usability testing is considered peripheral to the main product development or put in the too hard
basket. Improvements in product adoption through usability testing have been well documented by Neilson
(1994) and Preece, Rogers and Sharp (2002). What is needed is the development of affordable and easy-to-use
test set-ups, and associated procedures.
The term ‘Usability’ is used as a measure to determine how easy a system is to use. Usability can be broken
down into five main categories. These consist of Ease of Learning, Efficiency of Use, Memorability, Error
Frequency, and Subject Satisfaction (Neilson, 1994). All of these factors are as important for mobile systems, if
not more, than they are for desktop systems. While usability testing systems have been developed for desktop
systems, establishing mobile usability testing is still something of a research challenge.
This document presents an overview of usability testing. It summarises relevant literature in order to
develop a clear understanding of the issues involved in developing a mobile usability testing facility and
procedures that can be used for conducting usability testing of mobile tourism systems, such as, Mobile Location
Based Services.
This paper consists of six sections. Section 1 introduces the need for mobile usability testing. Section 2
introduces some currently used mobile tourism systems and services. Section 3 presents fundamentals of
usability testing. Section 4 consists of a review of usability testing architectures, including mobile testing
facilities. Section 5 gives an overview of the duties for experiment participants, and the challenges faced in
synchronisation of their tasks. Section 6 presents data collection methods and backup procedures. In section 7 we
discuss conclusions and directions for future work.

Mobile Tourism Systems and Services
As technology evolves, the need for user-friendly environments and applications grow. Long gone are the days
when the only option was to walk into information centres for brochures on tourism events and places; instead
more users are accessing web pages and other online information to plan and structure their holidays.
With the development of faster and more reliable mobile devices, the urge to access tourism information
through these devices is increasing. This is evident if we track the development of mobile phone based
communications and applications. Mobile communication became available for the general public in the late
1980’s. Even though the technology was primitive by today’s standards, it quickly took hold of everyone’s
imagination, and the number of mobile subscribers grew exponentially and overtook fixed line subscription
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owners around 2003. ‘The mobile devices market (including PDAs and smart phones) in Europe had grown 30
per cent year on year in the final quarter of 2004, according to the figures released by market advisory firm
IDC. The total market grew to over 3.5m units in the fourth quarter of 2004, compared to 2.7m units shipped in
the same period the previous year, taking total 2004 shipments to 8.9m, representing growth of 29 per cent…’
(Tilak 2005). Personal Digital Assistants (PDAs) and other hand held devices are also being overtaken by
intelligent mobile phones (Regan 2005). This increase in demand has also led to enhancements in the quality of
services being provided. Increased mobile phone patronage has spurred on new mobile services, particularly for
tourism applications, since the mobility required by a traveller maps onto mobile services rather naturally. The
new intelligent mobile phones and PDAs are able to connect to the Internet to transfer sounds and pictures, thus
providing the ability to access multimedia information, anytime anywhere!
Mobile phones are able to provide a variety of information to the traveller as plain text or as multimedia
content feeding into Location Based Services, Travel Alerts, Online Travel Guides, Public Transport Information
Services and Driving Mobility Services. With time, more users will rely on their mobile devices to plan their
holidays by accessing services such as:
• Travel planners that can provide an itinerary of destinations including estimated travel times and
schedules.
• Location Based Services comprising information such as maps, locations of shops, weather reports,
and tourism destinations within the local area.
• Online travel guides that can deliver travel suggestions, pricings, features and brochures for tourist
attractions.
• Travel alerts on local deadlines provide warnings prior to departure, or scheduled appointments
depicted as current local time.
• Driving mobility services providing traffic alerts and routing support to commuters.
• Public transportation information services delivering bus timetables and taxi availability etc.
The ease of accessing all this information ‘on the go’ is driving the use of mobile technology for travel and
tourism. However, with any new device, or any interaction carried-out with mobile devices, there is a need for
usability testing. Usability testing must be conducted to test for reliability, suitability and efficiency of
interaction between the user and the mobile device in the real-world situation. Systems or devices developed
without an in-depth usability testing often fall short of user’s expectations, consequently, users become less
inclined to use the same device or service in the future.

Test System

Scenario
Presentation
System

Data
Collection
System

Figure 26: Usability Testing Laboratory at Victoria University (a) Photograph of the Participant Room,
(b) Overall Laboratory Configuration
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Usability Testing Procedures
In a usability test, the participants execute the interaction involved in a set of predefined scenarios and provide
feedback through verbal communications and structured feedback forms. The data and information from these
forms is then collated and analysed. This section provides a brief overview of the various testing styles and the
tasks that each entails.

Classical usability testing
The classic usability test procedure requires three people to conduct an experiment; they are: an observer, a
facilitator and a participant. Each person has a set of functions to fulfil in sync with the other personnel. Before
carrying out these functions, planning of test procedures and evaluation techniques must be done. This includes
preparing pre-experiment questionnaires to gauge the skills of each participant, experiment information, and
post-experiment questionnaires to get user feedback.
Observer
The observer is in-charge of the entire experiment, and performs functions such as:
• Managing the recording of the experiments.
• Informing the participant of any restarts in the experiment.
• Recording participant’s task completion timing for each experiment.
• Collating data after the completion of the experiments (Interactive Design 2004).
Facilitator
The facilitator works closely with the participant, and assists if the participant is unable to understand some
aspect of the experiment. Apart from sorting out any initial problems, the facilitator assists the participant
throughout the experiment, and records and the number of errors the participant makes during the experiment.
This is then combined with the observer’s recordings and other information to give an overview of how well the
experiment ran, and what problems were encountered.
Participant
The key persons involved in usability experiments are the participants. Their task is to conduct the various
usability experiments to the best of their ability, and provide feedback by filling in questionnaires before and
after the experiment. The participant is also encouraged to use the ‘Thinking Aloud Protocol’, as described by
CDG Solutions Inc. (2004b):’Encourage participants to say aloud what they are thinking as they are performing
usability tasks. When the technique works, you can capture moments of confusion or hesitation and notice
participant preconceptions and errors’.
Testing procedure
To get effective results from any usability test, it must be well planned and documented. The first step is to
provide the participant with the experiment information comprising experimental goals, aims and objectives.
This information is then presented to the participant in conjunction with consent forms to obtain documented
proof that the participant consents to participating and their information being used within the experiment.
Before starting the experiment, the participant is required to complete a pre-experiment questionnaire. This form
is used to gauge the participant’s skill and knowledge in the field of the experiment. After the completion of the
pre-experiment questionnaire, the participant is provided with the experimental scenario. The experimental
scenario comprises a detailed list of tasks that the participant must complete. The facilitator may clarify any
doubts the participant has at this stage. Once the participant understands the tasks involved in the experiment, the
experiment is initiated and video monitoring is started.
Whilst the experiment is being conducted there are various functions that need to be carried out in
synchronization. They are:
• Record Task Completion Time: A stopwatch or other timing mechanism is used to record the time
taken for the participant to complete each task. This helps to determine the complexity of each task. The
longer the participant takes to complete a task, the more difficult they found it to perform the same.
• Record Errors: The facilitator performs the task of recording errors, generally manually, on paper.
Number of errors indicates the difficulty that the participant faced whist completing a specific task
within the overall experiment.
• Video Monitoring: A video monitoring system is used to record the participant’s behaviour whilst
performing the experiment. This information can be stored in analogue and/or digital form. This
provides proof of the experiments validity and can be used to re-assess the task completion time and
errors detected.
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Reconfigure Devices: In some usability tests it may be necessary to change or reconfigure the Physical
User Interface devices used. These devices include joystick, keyboard & mouse, pen & touch pad, and a
variety of other devices.
Starting and stopping of each experiment can be done in a multitude of ways, from lights being displayed, to
simple knocking on the door. However, the procedure for this synchronisation can vary depending on the
laboratory setup.
The final phase of the classic usability test is the post-experiment questionnaire. In this phase the participant
answers questions to give the participants’ opinion about the usability of the system under test. This can be
completed after each task or upon completion of the entire experiment.
Usability testing issues to be considered
Although the classical usability test is one of the most commonly employed usability tests, there are still a few
issues that need to be considered. These include:
• The time taken to complete each task can be large, and depends upon the tests being conducted. To
avoid corrupting the results because of fatigue, each experiment should be limited to 1-3 hours per
participant.
• Participant’s comfort can have a major effect on the results. If the participant feels that they are being
tested, this places pressure on them to perform well, and then they are more likely to make mistakes
whilst conducting the experiments. To avoid this situation, the participants should be repeatedly
informed that the test is not on them, but on the system itself. Participants should be made to feel
comfortable via the use of less intrusive monitoring equipment.
• Synchronization between the facilitator, observer and participants must be considered carefully. If the
experiment is to be a success, all parties should be able to communicate issues or concerns effectively.
This encompasses the start/stop procedure used when conducting the experiments.

Heuristic evaluation
One of easiest methods of conducting usability study is heuristic evaluation, and it should be used at least for
initial evaluation, as stated in Web Developers Virtual Library (2004):’The simplest and cheapest usability
studies don’t include testing; they’re a straightforward audit of a system by an expert.’ A heuristic evaluation
can be conducted with five or more experts in the field. Each expert runs an individual audit, isolated from the
others. Upon completion of the audit, all results are correlated, supplying the experimenter with a usability
heuristic evaluation.
Heuristic evaluation procedures
Each heuristic evaluation measures the systems performance against a set of usability guidelines. Depending on
the environment that will be tested, the guidelines can change, but they will always cover such things as error
prevention and consistency. With the given guidelines in mind the expert will be able to grade the performance
and usability of the system. For the heuristic evaluation, a marking scheme such as the following can be used
(CBD Solutions Inc. 2004):
0 – I don’t agree there is a useability problem at all.
1 – Cosmetic problem only: Need not be fixed unless extra time is available.
2 – Minor usability problem: Fixing this should be given low priority.
3 – Major usability problem: Important to fix, so should be given high priority.
4 – Usability catastrophe: Imperative to fix this before product can be released.
Along with simple grading of individual sections, the expert is encouraged to provide written analysis of the
various aspects of the system. This additional input by the expert provides invaluable insight into the specific
usability breaches within the product.

Interview
Conducting interview is another good way of gaining information from a participant. It enables the user to
discuss how they felt when using the system, as well as what difficulties they faced.
Structured interview
Structured interviews have pre-determined sets of questions. These questions enable the participant to give valid,
reliable and quantifiable answers. Although the structures of questions are pre-determined, the interviewer may
still explore alternate lines of questioning, which result from the answers given by the interviewee.
Open-ended interviews
The open-ended approach to questioning the participant differs from the structured interview, as there are no pre-
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determined questions. Each participant may get different questions based on their experiment. This process is
used to uncover information initially not planned for exploration.

Usability Testing Environment Architectures
Although each testing environment changes depending on the location, there are many similarities based upon
the procedures used. We can consider usability testing environments under two different categories: onsite
(laboratory-based) and offsite (mobile) testing. The usability testing architectures need to be designed to enable
the personnel involved in the usability test to communicate with each other easily.

Onsite laboratory architecture
An onsite laboratory consists of two main rooms, the participant room and the observation room, as shown in
Figure 1. Each room has a specific purpose and is designed to enable the participants to access the facilities
required to fulfil their functions.
Test room
A computer-based usability-testing laboratory is used for testing applications and Internet websites. Each
experiment is conducted on a single computer. Information from that computer and three cameras around the
room is transmitted to the observation room for recording. It is desirable to hide the recording equipment from
the participant’s view. The aim is to make the participant feel as comfortable as possible, whilst still recording
the desired views.
Observation room
The observation room is positioned adjacent to the test room to enable the observer to view the participants and
equipment (usually) via a one-way mirror. This minimises the intrusion upon the participant. Each observation
room is equipped with recording and viewing equipment feeding directly from the cameras placed around the
laboratory. Automatic timing equipment can also be used in the observation room to record task completion
times.

Offsite mobile testing architectures
An offsite usability testing architecture tries to maintain the same conditions as an onsite laboratory whilst still
allowing mobility. This is achieved by using compact workstations that can be packed into a suitcase, or a larger
box as in the case of Lab-In-A-Box (Participant Works 2004), shown in figure 2. The advantage of a mobile
testing facility is that it enables the tester to observe the product being tested within its natural environment.
Although testing under such environments can be more time consuming, it allows a much more in-depth look
into the system and allows a wider range of participants to be evaluated. The following detailed description of
the Lab-in-a-Box system is taken from the product’s web site (Participant Works 2004).
The Lab-in-a-Box is a high-end portable audio-video data collection and analysis lab with all the
functionality that most investigators would need in even the most demanding field situations. The system is
housed in a rugged, aluminium-clad enclosure, on castors, and is readily manoeuvrable (operational weight -approx. 155 lbs fully outfitted, approximately 37’h x 26’w x 20’d). It can be shipped via standard long-distance
transport and courier services and can be readily adapted for use anywhere in the world. Lab-in-a-Box is
designed to minimize the need for the user to interconnect equipment once on-site. It can be handled by one
person and set up for operation within 15-20 minutes of arrival on-site. A typical high-end system includes the
following components:
• Two 8-mm video camcorders, used as system cameras
• Two tripods, pan/tilt heads, and camera controls
• An S-VGA data scan converter (to convert the computer screen being viewed by a Test Participant
into NTSC video for recording); it will convert displays up to 1024 x 768 pixels and has controls
for sizing, position, and 2x zoom
• A video mixer (special effects generator) to create split screen or other composite views of the
testing scenario; this is a 4-input unit with picture-in-a-picture capabilities (i.e., the inserted image
can be displayed at any size and at any location on the screen)
• A 4 x 2 video switcher for rapidly switching inputs to the video mixer
• Microphones and speakers for both the Test Participant(s) and Test Administrator; this creates an
intercom with both sides being recorded to tape; there is also the capability for the Test
Administrator to do a voice-over commentary to tape without this commentary being fed through to
the Test Participant.
• A video recorder to record the output of the video mixer and to generate machine-readable time
code. This is typically a digital VTR with a pop-up colour LCD monitor to display the image being
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recorded. However, an S-VHS VCR can be substituted if desired. Off-line, video editing, e.g. for
the purpose of creating a ‘highlights tape,’ can be accomplished using the Lab-in-a-Box video
recorder and either a user-supplied VCR, the Lab-in-a-Box camcorders, or a digital (i.e., computerbased) video editing system. The hardware interface and software for a low-cost, computercontrolled, analog video editing system is available as an optional add-on. Also available as an
optional add-on is a turnkey digital video editing suite.
Three compact (3.8’) colour video monitors (to display the video outputs of the two cameras and
the data scan converter)
A universal switching power supply
A user-supplied lap-top computer running MS Windows and ObServant, a proprietary data logging
software with integrated VCR control and video editing capabilities.
An interface for porting machine-readable time code from the VTR to the computer running
ObServant is available as an optional add-on.

Figure 27: Lab-in-a-box set-up (reproduced with permission)

Mobile Usability Testing (MUST)
While the Lab-In-A-Box set-up is portable, it is not exactly mobile. Therefore, it cannot be used for field-testing
of mobile tourism ICT services. Our aim is to set-up a Mobile Usability Testing (MUST) facility that can be
used for testing users’ experience in environments where a tourist would, for example: on the road-side, on a
beach, in a caravan part, in a dense bush-track, on the ski slopes, and other such environments.
With the help of notebook computers and wireless technology, an integrated MUST facility can be setup as
shown in Figure 28. This facility requires mobile computing items listed (and their functions described) in table
1a, along with Notebook computers and trolley listed (and their functions described) in table 1b. The cost of
these items in Australian dollars is also listed. The total cost of the MUST set-up is approximately AUD$12,000.
Thus a completely mobile usability testing facility can be set-up rather inexpensively to conduct field-testing
of mobile tourism ICT systems. Nonetheless, synchronising the various functions remains an issue in both,
onsite and offsite usability testing set-ups. Of course this issue would be exacerbated in the offsite facility, due to
physical separating between the participant’s and the facilitator’s (common) location, and the observer’s
(separate) location.

Synchronisation of Duties
Due to the pace at which participants can complete each task, it can become cumbersome to synchronise the
duties of various persons involved in the experiments. Continuous flow of information is necessary to enable
each person to complete his/her functions simultaneously. Some duties that come under constant scrutiny are
controlling the start/stop procedure for the experiment. This procedure is used to inform each person that the
experiment is in progress, or that it has been paused or finished.
Another important aspect is the procedure for recording task completion times. Accurate recording of these
times is very important for the validity of the results obtained from the usability tests. Automation of the various
functions, including recording of task completion times, would enhance the usability testing process
(Georgievski & Sharda 2004). The re-engineered usability testing procedure proposed by Georgievski and
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Sharda (2004) moves many of the usability testing function from pen-and-paper to computers. ‘This
configuration includes the test system augmented by a Scenario Presentation System, and a Data Collection
System. The scenarios are presented as a Microsoft PowerPoint Presentation on the Scenario Presentation
System. This eliminates any confusion in keeping track of tasks completed by the participant, as the user steps
through the scenario presentation step-by-step’ (Georgievski & Sharda 2004).

Figure 28: Mobile Usability Testing (MUST) – a) For onsite testing, b) Offsite location setup for the
Facilitator and the Participant, c) Offsite setup for the Observer
Table 10: Cost of mobile equipment required for a Mobile Usability Testing (MUST) facility
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A

Item

Qty

Approx. Cost

Function

1

Nokia Mobile Phone,
Symbion Compatible,
Bluetooth Compatible

1

AUD$

200

A mobile phone is required to carry
out the experiment to test various
functions on mobile devices.

2

Wireless Network Adaptors
– PCMCIA $89.95 x 2 =
$179.90

2

AUD$

200

Wireless network cards are
required to enable screen capturing
from the User PC to the Observer
PC and recording on the DVD
Recorder.

3

USB Bluetooth Dongle

1

AUD$

50

The Bluetooth Dongle is required
to transmit and receive information
between the observer and the
mobile phone to conduct the
experiments.
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The USB Capture Card can be used
to view the recorded data from the
DVD recorder or Video Processor
as is required.

4

USB Capture Card

1

AUD$

150

5

Monitoring System
Single Channel Digital
Video Recorder with Stereo
Sound = $899.00
Noldus Mobile Device
Camera = $4078
4 Channel Colour Video
Processor with Audio
inputs = $545
3x Colour CCD Wireless
Camera
Transmitter/Receiver $159
x 3 = $477
Black and White Quad
Processor with Audio
inputs = $119
3x Black and White
Wireless Camera
Transmitter/Receiver $129
x 3 = $387

1

Colour system
AUD$
6000
Total: AUD$6600

B&W System
AUD$ 5500
Total: AUD$6100

The monitoring system is required
to record the user whilst performing
the usability experiments in order
to assess the following aspects:
Facial Expression – An analysis of
the user’s facial expressions based
on a ‘facial expression statistical
model’.
Body Language – can be used to
decipher the user’s attitude towards
the system.
User Actions – The user’s actions
will be monitored for streaming
video and videoconference sessions
to determine the choice of actions
that the user takes in performing
certain tasks.

Table 11: Cost of other equipment required for a Mobile Usability Testing (MUST) facility
B
1

Item
Intel Celeron 1.7GHz
512MB RAM
10GB HDD
52x DVD-ROM Drive
Windows XP Professional

Qty
2

Approx. Cost
AUD$ 5000

2

Movable Trolley

1

AUD$ 500
Total: AUD$5500

Function
One Notebook PC will function as a user
testing computer, and transmit its screen
capture to the Observer System.
The second Notebook PC will function as
the Observer System. This will encode the
screen capture received from the users PC
for recording, and will also be used for
Timings and Video Editing.
The trolley will be the base platform for
keeping and storing the mobile equipment
during field experiments.

Data Collection and Backup Procedures
Since most usability experiments are carried out with both digital recording equipment and hard copy recording
(pen and paper), it becomes the experimenter’s task to correlate and backup the data recorded in these
experiments. Backing up data is essential to recover from data loss, and to prove the authenticity of research
results.
Availability of video cameras and digital recording technology has made this easier to both record and
backup data. However, computers do not process all the recorded data; the consequential manual data
transcription is time consuming and error prone. By minimising the use of non-digital media (e.g. analog video,
pen-and-paper), the speed of data collection and its correlation can be enhanced, as well as enabling faster and
more reliable storing and backing up of results, as described by Georgievski and Sharda (2004): ‘Each time the
participant completes a task, he/she is required to click the space bar on the keyboard to display the next task.
The Data Collection System stores and records the pre-experiment / post-experiment questionnaire responses on
the local hard disk. An automated backup software copies this data to the Monitoring Computer in real-time.’
This re-engineered usability test process has the benefit of automating data recording, but needs additional
workstations, and can be difficult to implement in the offsite testing environments.
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Conclusions and Future Work
Increasing number of tourism ICT services are becoming mobile, for example: Location Based Services, Travel
Alerts, Online Travel Guides, Public Transport Information Services and Driving Mobility Services. Therefore it
is important to create mobile usability testing systems and procedure to create effective mobile tourism ICT
systems. In this paper we have presented different architectures, processes and environments for conducting
usability tests. Currently most of usability testing is done in laboratory based (onsite) facilities. As computing is
moving to ubiquitous systems that can operate in mobile as well as desktop environments, we must enhance the
set-up of usability testing facilities to make them ubiquitous. We have proposed the architecture and processes
for a mobile (offsite) usability test facility that can be set-up for around A$12,000. In the future, we aim to
incorporate our re-engineered usability testing processes in this mobile set-up, improving the testing and backup
procedures for offsite testing of mobile tourism ICT systems.
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Chapter 6

FUTURE RESEARCH/DEVELOPMENT PROJECTS
Directions for future research and development in the three major areas (WISEs, LBSs and UE) have already
been articulated. However, it is important to formulate projects that support each other to maximise the return on
investment. Nonetheless, these projects should be loosely coupled; that is, each project should have its own
industry-oriented deliverables and research outcomes that are enhanced by interaction with the other project
teams. Ongoing fundamental research within the STCRC, participating universities and worldwide should be
used to inform the project development so the outcomes are at the cutting-edge of technology.
Three interrelated projects are suggested.

Development of an Australian Tourism Ontology (AUTO)
This project’s main aim is to develop an Australian tourism ontology (AUTO) that can be used by a variety of
web-based intelligent systems developed within the STCRC and/or the by its industry partners. The first year of
this project will focus on selecting the most appropriate ontology development methodology and tools, and
establishing the framework for ongoing enhancement of this ontology in the future. A core of the ontology will
be developed and deployed in other STCRC projects, including the second MLS project, described below.
Research outcomes of projects such as Harmonise will be used, and collaboration with the EU research teams
sought, where possible.
Initial duration of the project is likely to be 12–18 months with a budget of $60,000–$80,000.

Development of Mobile Location-Based Systems
One or more LBSs will be developed under this project with a particular focus on mobile devices. Specific
deliverables will be selected in consultation with industry partners. Projects that have a targeted location but
provide the opportunity for customisation to other locations will be preferred. The intelligence aspect of these
projects will use the ontology developed in the first project. Usability of the system will be enhanced with the
help of the TIUSER kit developed in the third project.
Duration of the project is likely to be 12–18 months with a budget of $50,000–$100,000.

Development of a Tourism Interaction Usability Engineering Resource
Kit
This project aims to develop a kit that can be used by tourism ICT system developers to carry out usability
testing of their ICT products. The ‘Tourism Interaction Usability Engineering Resource’ (TIUSER) kit will
comprise of specifications of laboratory configurations, formal methods, techniques and procedures for usability
experimentation, and analysis and evaluation tailored for tourism ICT systems. In the first instance, this kit will
be used to ensure efficacious usability of the systems developed in project 2. It will focus particularly on
enhancing the usability of mobile systems.
Duration of the project is likely to be 12 months with a budget of $50,000–$60,000.
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APPENDIX A: WORKSHOP PRESENTATIONS
The following presentations were made at the Leading-Edge Developments in Tourism ICT workshop on
1st October 2004 at Victoria University, Sunshine Convention Centre, Melbourne, Victoria. The workshop
aimed to share knowledge and each member presented an overview of their project and field of research.
The presentations were:
• Presentation A1: Research opportunities for core tourism ICT systems.
• Presentation A2: Portals & virtual community.
• Presentation A3: Wireless technologies and their application for tourism.
• Presentation A4: Mobile systems for tourism.
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PRESENTATION A1: RESEARCH OPPORTUNITIES FOR CORE TOURISM ICT
SYSTEMS
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PRESENTATION A2: PORTALS & VIRTUAL COMMUNITY
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PRESENTATION A3: WIRELESS TECHNOLOGIES AND THEIR APPLICATION
FOR TOURISM
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PRESENTATION A4: MOBILE SYSTEMS FOR TOURISM
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APPENDIX B: INTELLIGENT SYSTEMS
The following presentation was made at a seminar at Victoria University in August 2003. The presentation
provided detailed information on the ‘what, why and how’ of ontologies:
• Presentation B1: The WWW of ontology: What, Why and hoW.

PRESENTATION B1: THE WWW OF ONTOLOGY: WHAT, WHY AND HOW
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The Sustainable Tourism Cooperative Research Centre (STCRC) is established
under the Australian Government’s Cooperative Research Centres Program.
STCRC is the world’s leading scientific institution delivering research to
support the sustainability of travel and tourism - one of the world’s largest
and fastest growing industries.

Research Programs
Tourism is a dynamic industry comprising many sectors from accommodation to hospitality, transportation to retail and many more.
STCRC’s research program addresses the challenges faced by small and large operators, tourism destinations and natural resource
managers.
Areas of Research Expertise: Research teams in five discipline areas - modelling, environmental science, engineering &
architecture, information & communication technology and tourism management, focus on three research programs:
Sustainable Resources: Natural and cultural heritage sites serve as a foundation for tourism in Australia. These sites exist in
rural and remote Australia and are environmentally sensitive requiring specialist infrastructure, technologies and management.
Sustainable Enterprises: Enterprises that adhere to best practices, innovate, and harness the latest technologies will be
more likely to prosper.
Sustainable Destinations: Infrastructural, economic, social and environmental aspects of tourism development are
examined simultaneously.

Education
Postgraduate Students: STCRC’s Education Program recruits high quality postgraduate students and provides scholarships,
capacity building, research training and professional development opportunities.
THE-ICE: Promotes excellence in Australian Tourism and Hospitality Education and facilitates its export to international markets.

Extension & Commercialisation
STCRC uses its research network, spin-off companies and partnerships to extend knowledge and deliver innovation to the tourism
industry. STCRC endeavours to secure investment in the development of its research into new services, technologies and
commercial operations.

Australia’s CRC Program
The Cooperative Research Centres (CRC) Program brings
together researchers and research users. The program
maximises the benefits of research through an enhanced
process of utilisation, commercialisation and technology
transfer. It also has a strong education component
producing graduates with skills relevant to industry needs.
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Prof Bruce Prideaux
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NT Coordinator
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alicia.boyle@cdu.edu.au

BRISBANE
Managing Director - STS
Mr Stewart Moore
Tel: +61 7 3321 4726
stewart@crctourism.com.au

PERTH
WA Coordinator
Dr Diane Lee
Tel: + 61 8 9360 2616
d.lee@murdoch.edu.au

BRISBANE
QLD Coordinator
Mr Noel Scott
Tel: +61 7 3381 1024
noel.scott@uq.edu.au
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Prof Graham Brown
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A/Prof Sue Beeton
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Regional Tourism Research
Dr Jeremy Buultjens
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CANBERRA

TAS Coordinator
Adjunct Prof Malcolm Wells
Tel: + 61 3 6226 7686
Malcolm.Wells@utas.edu.au

ACT Coordinator
Dr Brent Ritchie
Tel: +61 2 6201 5016
Brent.Ritchie@canberra.edu.au
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