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ABSTRACT
This work examines the importance of utilising context and spatial disciplines
as a complementary theoretical reference in the development of location-aware
applications for the mobile Internet. It describes the development of a WAP
prototype of an electronic tourist guide whose concept makes use of these
disciplines and of the knowledge on design for small displays. It also discusses
usability issues raised by such prototype and suggests the use of currently
available technologies to learn how people react to location-based services.
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1 INTRODUCTION
The increasing availability of access to computing resources through
wireless communication devices is changing the perception that users have
of the Internet. The so-called mobile Internet allows continuous access to
computer systems in a wide range of contexts, which creates new
possibilities of use that are distinct from those of stationary desktop
computing.
Current use of the mobile Internet shows that understanding the unique
features of the mobile Internet technologies and how users react to such
features are crucial for their market acceptance. Such understanding may
help to explain the success gained by i-mode, a Japanese wireless Internet
access service, and to justify the by now disappointing performance of the
Wireless Application Protocol (WAP) in Europe. It is estimated that WAP
did not have more than 8 million users worldwide at the end of 2000
(Nokia, 2001a). In April 2001, i-mode had already 23 million subscribers
and the overall number of mobile Internet services in Japan was
approximately 37 million, according to the Telecommunications Carriers
Association [1].
Mobile devices users are not tied to the constraints that are typical of
stationery desktops. However, mobile devices introduce different
constraints that also need to be addressed in the design of wireless
applications. To be portable, a device must be light and small, which
implies, for example, limitations in the size of the visual interface.
A small screen is only one of the many challenges that designers and
content creators face when developing applications for the mobile Internet.
In addition, there are not clear guidelines about how to build services on the
mobile Internet and the lack of standards among current devices makes the
situation even more problematic. Design principles about information
appliances (Mohageg and Wagner, 2000) have brought relevant input to this
area, but its focus has been more on devices than on content.
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Despite the multiplicity of kinds of handsets, a feature that is common to all
mobile devices is that they are supposed to be what they are called - mobile.
In other words, they can be used in different places and while moving from
one place to another. Place, or location, is one of the elements that form a
context.
Questions related to context are as important as those related to the device
itself. In any area of human-computer interaction, the use of a device has to
be understood as operating within a broader context and not only dependent
on the particular features of the device itself. The same applies to mobile
devices and therefore assumptions about context for fixed-location
computer applications cannot be automatically extended to mobile
applications.
Mobility requires that applications for mobile devices be able to adapt to
different and dynamic contexts. As it will be discussed more deeply in
following sections, context is a multifaceted concept that has different forms
and involves issues related not only to location, but also to users profile and
computational infrastructure.
The fact that the mobile Internet is used in different locations is a unique
feature of mobile applications. What makes this feature even more
significant is the existence of technologies that enable mobile devices to be
aware of their own location, making it possible to create a new class of
applications that maximise the benefits created by mobility.
There exist some works that investigate uses for mobility. Most of them
seem to be divided between focusing primarily on the technical structure of
systems based on location (Abowd et al., 1997) or on user context (Pascoe
et al., 2000). Although other works try to combine both aspects (Cheverst et
al., 2000b), they investigate solutions designed for devices that, in my
opinion, are not appropriate for a mobile situation. What seems to be
common to all these works is the fact that they actually ignore the existent
knowledge about how people behave and react to their surrounding
environment. The idea of combining this knowledge with user context and
location-aware systems form the main motto of this work.
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Thus the concept of a mobile Internet site will be developed to investigate
how these technologies can be used to develop a service that offers useful
and interesting context-based information. Considerations about location
and users are the key issues for the development of this prototype.
The several elements that are involved in context interact with each other
and build relationships that need to be taken into account. As our main
concern is location and users, it is relevant to understand how people relate
to their location and how this relationship can be helpful in selecting
information to be provided on a mobile site. Therefore spatial cognition and
related issues are important to identify appropriate ways of providing
information about locations.
Because of the challenges represented by the situation of users who have to
find their way in an unknown place, a site that provides tourist information
to city visitors has been chosen to be used as a prototype, which will be
called Mobile Guide. The purpose of this service is to provide context-based
information that facilitates tasks such as finding a way and deciding about a
tourist activity. This prototype will be employed as an experiment to test
how to design a mobile site whose main goal is to offer context-based
information. The present work discusses usability issues related to the
prototype, but it does not cover a user test, which I regard as natural
extension of the development process described here. A user test is to be
carried out immediately after the conclusion of the present work.
Considerations about the user context have determined the adoption of a
more restrict definition of mobile device, which is understood as one to be
handheld and small enough to be put in a pocket and that can be used while
moving. Due to this restriction, the prototype was built for mobile
telephones because, among the currently available devices, they are the ones
that contain most of the features regarded as essential for the kind of use
proposed by the Mobile Guide. They are small and can be one-hand
operated, provide access to networks and represent a convergence between
voice-communication and data-communication, which is useful in the
application proposed by this work.
Technical requirements and standards and specifications are not under
discussion here and are named only to fundament or clarify the viability of
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the services that eventually are suggested. References to current and future
technologies are done with the aim of framing which kind of services can be
imagined for the mobile Internet and which usability issues they have been
raising. My approach is first thinking about which services would be
appropriate for the mobile Internet and only then thinking which
technologies can be employed to provide these services.
The decision to put apart the discussion about which standards, technologies
and devices will be the preferred ones for the mobile Internet allows content
creators to concentrate efforts on adequacy of services, information
architecture and design problems. This is why the technology and standard
used to build the prototype are not so relevant. What matters is to find out
which kind of textual and visual information and how the combination of
both can be used to design a context-based service.
I use mobile Internet as shorthand for different kinds of open networks for
transmission of data to mobile devices, such as WAP and i-mode.

1.1 ORGANISATION OF THE DISSERTATION
The design of applications for the mobile Internet involves multiple
questions and this work has been organised in a way that tries to address
most of those related to design and content, although more emphasis is
given to how to organise and present location-based information.
Section 2 provides an overview about the present usage of the mobile
Internet. Related usability issues are examined as well.
Section 3 is dedicated to a more comprehensive definition of context and
how this approach has been used and defined in the literature about mobile
systems. I examine how a location-based approach can benefit from the
application of positioning technologies like GPS (Global Positioning
Systems). Besides location, it is analysed how users’ perspective has been
addressed in the design of services for the mobile Internet. A review on
works about context-based applications displays is presented. The section is
concluded with a review on the basic concepts about wayfinding and
mapping.
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In addition to context, thinking about a site for the mobile Internet also
involves questions concerning the design for small screens, which are
presented in Section 4. In both Sections 3 and 4, concrete examples of
existing applications are reviewed and assessed.
In Section 5, I build on the issues discussed before to suggest guidelines
capable of orientating the design of location-based mobile services.
Section 6 is the description of the concept of the Mobile Guide, whose
development is based on the guidelines proposed in the previous section and
a WAP prototype employed as an illustration of that concept.
In Section 7, I present my considerations about how location-based services
should be approached by designers and content developers as well as I
discuss content and usability issues related to the prototype presented in the
previous section. General conclusions are given in Section 8.
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2 MOBILE INTERNET
A study conducted by Marcussen (2001) reveals astonishing figures.
The number of mobile phones in use worldwide was 483 million by the end
of 1999, reached 712 million by the end of 2000 and it is estimated to be
907 million by the end of 2001. According to him, in Western Europe, about
50% of the Europeans had at least one mobile phone by the end of 2000.
The penetration of Internet is not as large as that of mobile telephony but it
has being growing continuously. 27% of the Europeans were Internet users
by the end of 2000. In some countries, Internet penetration is much higher,
as is the case of Sweden, with 65% (Nua, 2001-a), and Denmark, with 55%
(Svarre, 2000).
By looking at these figures, one could expect that the convergence between
the Internet and mobile telephony would also have a large market
acceptance. However not more than 2% of the Western Europeans were
WAP-service users by the end of 2000 and if, the current trends continue,
this figure will reach only 17% by the end of 2003 (Marcussen, 2001).
The only place in the world where the usage of mobile Internet has really
had a significant impact is Japan, where mobile phones have overtaken
stationery computers as the main access to the Internet (Bergsagel, 2001).
This does not mean that mobile users in the rest of the world are only
interested in using their handsets for voice calls, as the enormous expansion
of SMS (Short Message Service) shows. SMS is a less technologically
sophisticated messaging system that enables handsets to send and receive
text. According to GSM Association (GSM, 2001), the number of SMS
messages sent worldwide increased from 1 billion messages per month in
1999 to an average of more than 16 billion messages per month in 2001.
The present situation of the mobile Internet around the world can be better
understood by looking at the two most widespread standards in this area –
WAP and i-Mode. WAP, used specially in Europe, and i-mode, in Japan,
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represent two different sets of standards and protocols to deliver Internet
content to mobile devices.
In 1997, the mobile phone producers Nokia, Ericsson Motorola and the
Unwired Planet (now called Phone.com) announced the creation of WAP, a
new technology for delivery of Internet content to all types of mobile and
wireless devices (Mann and Sbihli, 2000).
WAP is based on XML (a format for exchange of information between
databases) and uses a gateway1 between the mobile network and the fixed
network to make the translation from WAP to Internet protocols and vice
versa. It has been designed to take into account features such as the variety
of screen sizes, telephones’ small memory and low processing capacity,
bandwidth issues and differences in devices. In addition, it assumes that
phones have short battery life, in general from 2 to 10 hours. To have access
to WAP content, devices need to have a specific browser that shows text
and very low-resolution-bitmap graphics (Mann and Sbihli, 2000).
Japan’s i-mode was launched in the beginning of 1999 by the
telecommunication company NTT DoCoMo. I-mode phones have a micro
browser that enable them to see content formatted in a subset of HTML 3,
the so-called compact HTML. Many of the tags normally supported by a
HTML browser cannot be showed by compact HTML. The system was built
upon an adaptation of the existing HTTP and TCP-IP protocols. I-mode
phones have battery life of up to seven days and can show colour and simple
GIF graphics (Macdonald, 2001).
Network connections are a major issue for both standards. WAP is intended
to work over different networks but, in Europe, where the standard is most
used, it operates over GSM (Global System for Mobile Communications)
connections, which usually allow data transmission limited to 9,600 bits per
second, although the effective bandwidth is about half of that due to
instability of network connections (Mann and Sbihli, 2000).
The i-mode system is a packet switched service based on the Japanese
digital network PDC (Personal Digital Cellular) that has a channel for
1

Gateway – an Internet based server that acts as an intermediary for another server.
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transmission of data with capacity of up to 9,600 bits per second. A crucial
advantage from users’ point of view is that PDC allows users to have
continuous access to the Internet and eliminates the need for long dial-ups
and logons. Despite the low bandwidth, i-mode gives users the impression
of being almost in real time connection (Mann and Sbihli, 2000).
WAP on GSM uses a circuit switched connection, which works as a normal
telephone call. Users have to dial up and wait for a response every time they
want to access to the network (Hjelm, 2000). In i-mode, users pay for the
number of bytes that they download while in WAP over GSM they pay for
the duration of connection, similarly to an ordinary telephone call.
Payment method and network features may partially explain why the market
acceptance of i-mode and WAP has been so remarkably different. In
Finland, users of the Nokia 9000 WWW where asked what was the major
problem for them in interacting with the device’s browser. Most problems
were related to connectivity problems (21%) and low data transfer rate
(19%). Problems regarding difficulty of understanding the user interface
(13%), complexity of setting (13%) and software (13%) were less
mentioned (Hjelmeroos et al., 1999).
The need for dialling up was also identified as major factor for stress and
irritation in a study conducted by Ramsay and Nielsen (2000) with 20
English WAP users. Their results are, in addition, quite negative in relation
to the usability of the services and will be taken into account in the design
of the solution suggested in this work. Among other problems, users
complained that WAP sites had unclear labels and menu choices, employed
inadequately design principles from previous media, lacked search engines
and had outdated content and incomplete services.
The reasons for i-mode’s success can be found in another combination of
factors. Marcussen (2001), for example, sees the Japanese market structure,
which is completely different from the European, as one of such factors.
NTT DoCoMo, the company that created i-mode, is the same that sells
telephones capable of accessing the service, provides access to the Internet
and has the main portal to the content providers (Macdonald, 2001).
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Many observers agree that one of the reasons for i-mode success has been
its wide range of services and user-focused attitude. I-mode sites and portals
offer news, banking, horoscope, cartoons, games, airline information etc.
Users can download pictures and graphics to use them as wallpaper and
ringing tones. In pursuing customers, NTT DoCoMo has even worked with
cell phone producers to offer devices that are seen as more beautiful and
modern by users. (Macdonald, 2001).
A description of WAP problems and i-mode strong points is almost endless.
Macdonald (2001) claims that the variety of content offered by i-mode was
only possible because providers have been able to concentrate less on
technical barriers for content creation and more on content. The same does
not occur with WAP due to its, supposedly, complicated specific language –
Wireless Markup Language (WML).
There are others who argument that WAP disappointing performance has
been caused by a marketing mistake – the technology would have been
advertised as the Internet on mobile phones. Thus people who expected to
see on their mobile phones the same kind of content they got used to with
the fixed Internet became very disappointed when they looked at text-based
services on low-resolution screens (Ramsay and Nielsen, 2000).
Whatever the reasons for both WAP and i-mode performances are, it is
important to note that both systems are only one of the first chapters in the
development of the mobile Internet. The next chapters are still to come and
are strongly linked to the technological development that is occurring in this
area, as it will be introduced below.

2.1 FUTURE GENERATIONS
The current i-mode and WAP are in the realm of what some call the
first generation of mobile digital networks. In Europe, some of the problems
faced by WAP concerning low bandwidth may be solved by what has been
called the second generation (2-G) of wireless technologies, mainly
represented by GPRS (General Packet General Service), which is an
improvement of the existent GSM network.

10

Location-Based Services on the Mobile Internet

GPRS is a packet-switched service that enables continuous and faster
connection to mobile networks. In Denmark, mobile phone companies
began offering GPRS services in the first half of 2001, initially with
transmission of data up to 40 kilobits per second (Sonofon, 2000). The
technology should be, however, able to transmit up to 115 kilobits per
second, although the first mobile phones produced to support GPRS provide
a speed of only 26.4 kilobits per second (TeleDanmark, 2001).
In two or three years, another technology – UMTS (Universal Mobile
Telecommunications Services) – is supposed to bring the third generation of
networks, with data access rates of up to 2 megabits per second (Hjem,
2000). Then it should be possible to transmit pictures and audio to and from
cell phones without difficulties.
Cell phones are believed to follow the technology developments of the
wireless network. Mobile devices are expected to improve with a doubling
of battery life over the next three years and processor power should continue
to double ever 18 months, according to Hjelm (2000).
In summary, the technological conditions are being created to overcome
some of the problems faced by wireless technologies in the rest of the world
apart from Japan. The issue is how content developers and designers can
take advantage of these technological developments to benefit users. I
believe that using location as a reference in the concept and design
development of mobile services is an appropriate mode to answer this issue,
as I discuss in the next section.
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3 CONTEXT AND LOCATION
There are several psychological, sociological, technical and
environmental factors that can be investigated and used as guideline in the
development of mobile Internet services. In this section I focus on issues
that I regard particularly relevant to ensure a successful design of a mobile
service. Initially I present issues related to the concept of context, which has
been used as a main reference in the design of mobile applications. After
defining context, I try to give an overview about how one form of context –
location – has been presented in the literature about mobile systems.
Following that, I review some considerations related to another element of
context - the user. User context is employed here to refer to issues related to
user characteristics and style of use of mobile applications. It is equivalent
to domain context, which is introduced in the following section.
Examples of applications of the context-based service concept are given in
each corresponding subject.
The section is concluded with a review on the basic concepts about spatial
cognition and wayfinding that I regard as a possible way of integrating the
two forms of context discussed previously (user and location). Wayfinding
issues may not be so relevant in other mobile applications, but I consider it
crucial in the kind of service that is suggested by this work - to help people
to explore an unknown town.

3.1 DEFINING CONTEXT
To consider context as a starting point for the design of mobile
Internet services, it is needed to clarify what is meant by context. Context is
used here as a general term to describe the set of environmental, situational
and user and task-related factors that surround the use of a mobile
application.
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As part of their taxonomy of mobile computation, Rodden et al. (1998) and
Dix et al. (2000) suggest a definition that can be applied to the mobile
Internet. In summary, they define context as a multi-faceted concept that has
different forms: computational infrastructure, computational system,
application domain and physical environment. Computational infrastructure
has to do with network bandwidth, reliability and display resolution, while
computational system is related to the interaction with other devices,
applications and users. The domain context refers to the application domain,
style of use and identification of user. Finally, the physical environment
concerns the physical nature of the device, environment and location.
Schilit et al. (1994) observes that context refers to location of use, nearby
people, hosts, accessible devices and changes over time. It includes
elements such as lighting, noise level, network connectivity, communication
costs and bandwidth and the social situation. For Schmidt (1999), the term
context describes, among others, the environment, situation, state,
surrounding and task.
Context-aware applications, as defined by Cheverst et al. (2000b), are those
that utilise contextual information in order to provide tailored functionality.
All the forms of context can be combined and some of them can be
emphasized or omitted so the application can build its own context and
adapt to it. To give an instance, the information that a service is being
accessed through a device equipped with a colour screen can change the
way the content is presented. Another example can be the case of an
application that is informed that the user has poor sight, so the text on
display is disposed in larger font.
Although context is more than user’s location, it is understandable that most
works on mobile applications concentrate on this aspect. The reason is that
changes in location (or mobility) are a unique feature of mobile devices.
Location is understood here as spatially and timely defined - mobile
applications are to be used in different places and at variable times.
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3.2 SENSING LOCATION
Any device has a physical location both in time and space. A
desktop computer is aware of the time it is used and employs it to provide
information and tailored interaction to users. A calendar application, for
example, can be set up to remind users when it is five minutes from the
beginning of a scheduled appointment.
Particular to mobile devices is that, besides being able to be aware of when
they are used, they can also be equipped to be aware of where they are used.
What makes it so special is not the ability to sense location, but the ability
to sense changes in location or, in other words, the possibility of registering
mobility.
Time and space, used together, can change the application to adapt not only
to locally-defined users needs and interests but also to local infrastructure
conditions. As changes in location are expected to occur in combination
with changes in situations, it is important that a mobile application be
thought in relation to specific situations.
Location can become an index from which the system infers the overall
context and, as result, alters the way the application interacts (Dix et al.,
2000). It is possible, for example, to equip portable devices with GPS
receivers so they can identify their own location, which is treated as a state.
The system does not see the movement of the device but, when it perceives
that the state of the system has somehow changed, it “concludes” for an
event. An event can, for example, be an alteration of the information on
display or the appearance of an icon to call user’s attention (Dix, 1996).
As claimed by Rodden et al. (1998), any notion of location puts the device
within an environment that has its own attributes and may contain other
devices and users with which the device may interact. Thus, to understand a
spatially situated interaction, it is important to comprehend the location of
the device in space, the mobility through space, the kinds of bodies
populating the space that the device may interact with, and the awareness of
the device of these other bodies.
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The term location does not necessarily refer to a position in the real world.
Dix et al. (2000) consider that a device can exist in the physical world and
also in an electronic world with an absolute or relative location. An
absolute location can be represented by, for example, GPS-based map
systems in the real world and by virtual reality in the virtual world. A
relative location can be defined in relation to references such as sensors or
other objects in the real world and by hypertext in the virtual world.
Devices and, consequently, users have a location and presence that is both
virtual and physical and each is available to the computer application. The
interplay between the real and the virtual is central in the design of mobile
applications. Distinct ways of representing location can be combined to
create and enrich interaction.
When connected to the Internet, mobile devices open a door to the virtual
world that can enrich the way users perceive the real location or, contrarily,
abstract them from the real location.
Dix et al. (2000) identify some questions that a mobile application should be
able to answer if it uses location and adapts itself to it:
(1) Where is the system located?
(2) Which other systems are nearby?
(3) How should the system react in the light of (1) and (2)?
The first two questions should apply to all location-aware applications,
while the last one depends more on the objective of the application. These
questions can be translated in two properties that architecture for supporting
mobile, context aware-applications must have: capability to represent
location and ability to react to status and events. The presentation of these
two properties to the end-user is a main concern in the design of interfaces
for mobile Internet services.
Some authors have made an effort to classify different kinds of mobile
applications. Schilit et al. (1994) regard that two variables are particularly
important in such categorisation. The first one is the intention of the task to
be executed with the device - whether it refers to getting information or
doing a command. The second one is how a task is performed - whether it is
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done manually or automatically – and has great significance in the way user
interaction is shaped.
One of the categories described by them is of particular interest to us. This
category is based on context-triggered actions, which are simple IF-THEN
rules used to determine how context-aware systems should adapt. These
rules can be employed to organize an application and can also work as
guideline in the design of a mobile service interface, as it will be seen in
subsequent sections.
3.2.1 APPLICATIONS
Computing systems that make use of context-aware applications
have been object of study for some years. ParcTab, a palm-sized computer,
is supposed to have been the first mobile computing system built to explore
and exploit context-aware software (Schilit et al., 1994). The system started
to be developed in 1992 and was aimed at being used in an office setting. It
consists of mobile computers that can communicate wirelessly through
infrared transceivers to applications based on workstations (Schilit and
Want, 1995)
Two more recent projects that explore context-aware systems are the
GUIDE and Cyberguide. Both have tourist guides as their final product,
though using different technologies and approaches. The GUIDE has been
under development at Lancaster University, in the United Kingdom and
Cyberguide at Georgia Institute of Technology, in the United States.
The GUIDE combines web technologies, portable devices, and a cell-based
wireless communications infrastructure to broadcast dynamic and
positioning information to visitors as they navigate the networked city of
Lancaster. Each cell of the network has associated cell-servers with local
storage and processing that act as a proxy cache to the main web server
(Cheverst et al. 2000b).
The mobile devices used are small portable computers that measure
213x153x15mm and weighs 850 g. In its last version, GUIDE units obtained
positioning information through messages transmitted from base stations.
The communications infrastructure also disseminates static and dynamic

16

Location-Based Services on the Mobile Internet

information to the mobile units (Cheverst et al. 2000b).
Cyberguide was conceived to assist a very specific kind of tourist – that one
who visits the College of Computing and the Graphics, Visualization and
Usability at Georgia Institute of Technology. The conceptual design of
Cyberguide should be independent of platforms and for that reason it was
prototyped to be run in different mobile devices. The system was designed
with two modules – one for indoor use and the other for outdoor use. The
outdoor module utilised a GPS receiver attached to a personal digital
assistant – the Apple MessagePad 1002 . The position received by the GPS
unit was translated into a pixel coordinate representing the user’s position
The GUIDE and Cyberguide illustrate one of the technical decisions that
must be taken in the design of mobile location-aware applications – whether
the processing capacity of the system should be based on the terminal or on
the network. Cyberguide follows the terminal model, with the portable
device having a higher processing capacity and keeping most of the
information required for the service. The GUIDE makes more use of remote
processing and of a communication network to provide interactive services.
One of the advantages of using remote processing is to make devices
cheaper and smaller (Davies et al., 1998).
Although most examples of location-aware applications developed in
research and academic institutions have been designed for laptops and
personal digital assistants, the use of mobile phones for similar concepts is
already available in the market. Companies such as the American
SnapTrack [2] and Cell-loc [3] and the French Webraska [4]are some
examples.
The most known approach to identify one’s location by using mobile
phones is with the integration of a GPS-receiver into the handset. The
positioning information received from the satellites can be processed locally
by the receiver or sent by the network to be processed remotely. GPSreceivers calculate its distance from several satellites to calculate its own
position.

2

MessagePad is a registered trademark of Apple Computer, Inc.
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Until May 2000, the American government distorted the satellite signals
with the so-called Selective Availability (SA) in order to reduce the
accuracy of civil GPS-receivers. After the abolishment of SA, it has been
possible to define the position of civil receivers with accuracy of 3-5 metres,
provided there is clear view of the sky (Economov, 2001).
Another decision taken by the American government is expected to foster
the development of location-aware technologies. The Federal
Communications Commissions E-911 mandate has determined that, by
October 2001, wireless network providers enable emergency services and
safety officials to identify the location of a cellular phone with accuracy of
at least 125 meters (Andersson, 2001b).
Another way to locate a handset is using the transmitted signals of the
cellular network. This seems to be the alternative adopted by Telenor
(2001), which started to offer a location-based service to its mobile phone
customers in April 2001, although the technology chosen was not clearly
described by the press neither (Neset, 2001) on the company’s homepage
[6].
Andersson-b (2001) regards that a combination of network and GPS
technologies offer the best solutions. The reason is that GPS, though
offering the largest coverage and reliability, cannot be used in some
environments like built-up areas or inside buildings. In addition, traditional
GPS-receivers require from 30 seconds to several minutes to find and track
satellites.
To find a way round GPS problems, SnapTrack has developed a GPS-aided
technology that combines information from satellites and wireless networks
to locate a mobile phone more precisely than conventional exclusive GPS
systems do (Hayes, 2001). Field tests have demonstrated that the system has
accuracy of 3 to 100 meters, depending on the degree of blockage. Location
information is provided within some seconds, according to Moeglein and
Krasner (1999).
Cell-Loc solution is an example of an exclusively network-based solution. It
uses existing cellular towers and base stations and does not require
modification of the current mobile phones. It can provide position with
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accuracy of 15 meters and within three seconds. This solution is claimed to
be cheaper than for end-users because it does not require that the phones
have GPS chips. However, it can be the most expensive for operators
because it needs monitoring equipment to be installed in all base stations.
(Hayes, 2001)

3.3 USER CONTEXT
The preoccupation about users’ characteristics and requirements is
not exclusive of mobile devices. However, in addition to the normal design
considerations, mobile applications involve questions that have not been
properly investigated yet. In the area of Human Computer Interaction, there
is a good understanding of how to design and evaluate interfaces of fixed
applications, but the relationship between users and mobile technologies is
still unclear.
Johnson (1998) emphasizes four problems to be faced when addressing user
issues the HCI of mobile systems:
-

How to design for mobile users, their tasks and contexts.
The diversity and integration of devices, networks services and
applications.
The inadequacy of HCI models to address the variety of demands of
mobile systems.
Evaluation of mobile systems.

According to Väänänen-Vainio-Mattila and Ruuska (1998), a major
problem in exploring user requirements for mobile devices is the versatility
of usage patterns and contexts in which the utilization takes place. Users
apparently see mobile devices as a personal object with which they have a
very particular form of interaction that occurs in many different
environments. Therefore there seems to be a need for, as much as possible,
personalised services.
Mohageg and Wagner (2000) consider mobile-enabled phones as
information appliances, which they define as computer-enhanced consumer
devices dedicated to a restricted cluster of tasks. They do not mention
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design principles for content in these appliances, but they describe a series
of design principles seen as pertinent to information appliances. Among
them is that information appliances should be less expensive, less
complicated to run and maintain, very easy to learn and use and that users
should not be expected to be experts. According to them, consumers seem to
be less tolerant towards learning how to use this kind of device than
computers.
They also regard that efficiency is a crucial factor of the user interface,
especially because interactions are short, usually not longer than 10
minutes. They consider that users of these devices are directed and goal
oriented and that tasks should be designed to be accomplished efficiently.
Johnson (1998) calls attention to the difficulty of modelling such dynamic
users as the mobile device ones. It can be particularly complicated, as an
instance, to think of an application that is to be used outdoors and that does
not disturb people’ capacity to notice when a car is getting closer. In an
open environment, which is very typical for use of mobile applications,
there are so many things happening at the same time that it is not an easy
task to design services that can be useful without becoming a dangerous
distraction. Therefore, Johnson (1998) claims that, although evaluation of
interaction and usability in mobile contexts is possible, the criteria and the
methods have to be researched. As a consequence, usability methods that
disregard context of use are not adequate for mobile applications.
Väänänen-Vainio-Mattila and Ruuska (2000) list a series of restrictions that
need to be considered when analysing the usage of mobile handsets. Noisy
surrounding is one of them. They observe that in a moving environment
users’ attention is divided among moving, communicating (talking or
reading a message) and using a communication device, i.e., holding the
device. They argue that moving and communicating should deserve more
attention and the use of the device should require as little concentration as
possible.
A more specific question has arisen with the prospect of services based on
location-aware systems. It is possible that users resist against their position
being tracked by a computing system. Privacy issues are usually associated
with an additional issue: intrusion. As mobile devices are very often used in
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public environments, it is reasonable to suppose that users do not want
applications that inhibit or disturb their contact with other people.
Part of this problematic has been discussed by Cheverst et al. (2000a), who
reviewed their original design proposal of GUIDE (see section 3.2.1) in
order to support cooperation among users. However, it has not been
investigated yet whether GUIDE users are willing to cooperate. In relation
to privacy, GUIDE developers enabled users to specify if they do no want to
have their location recorded by the system.
The research for the GUIDE project gives other useful pieces of information
to the task of finding out specifically what tourists would be interested in
getting from a mobile application. Davies et al. (1998) found out, for
example, that Lancaster tourists were very interested in having access to
cultural, historical and architectural information. They expressed interest for
dynamic and flexible information and support for interactive services. They
were, for example, pleased with the possibility of receiving dynamic
information, such as the “specials” of a café (Davies et al., 1998). Cheverst
et al. (2000b) mention as well that Lancaster visitors were more inclined to
trust a system provided by a reliable source, e.g. the local tourist
information board. They would also like the possibility of booking services
through their guides, but some of them wanted to speak to someone to be
sure that reservations had been confirmed.
The user context can even define which device is the most appropriate for
the mobile Internet. Hjelm (2000) claims that laptops, keyboard- and penbased handheld computers will probably not succeed as the preferred
devices to access ubiquitously the Internet. The reason is that these kind of
devices require users to stop what they are doing, turn their attention to the
device, use one hand to hold it and another one to interact with it. Stopping
to interact with a computing system can be quite undesirable if users are on
the move and cannot waste time. Using both hands can as well be
inconvenient if users are carrying things like handbags.
How long users need or want to interact with a mobile application is another
question to be addressed. One can suppose that periods of interaction are
much shorter than in traditional mobile settings. This may be seen as an
additional design constraint but, as Schmidt (1999) observes, the interaction
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process can be simplified if mobile systems know more about the user and
their context.
By way of illustration, let us think of a user who accesses a WAP service to
know where the closest restaurant is. The system answers the query with a
list that only contains places where vegetarian food is served and that are
located no further than one kilometre away from the user. Beforehand, the
system had been informed about the preferences and the location of the
user, which helps to considerably shorten the duration of the interaction.
Apparently, people really do not want to waste time interacting with mobile
devices, although they do not mind being offered clickable options that go
deeper into areas that they want to know more about. Users studied by
Ramsay and Nielsen (2000) expressed a large range of interests in relation
to the content of services. They wished to be kept updated with news and
useful information but also wanted pure entertainment.
Cheverst et al. (2000b) recommend that designers be careful when deciding
to restrict information only to current context. They report that users that
tested GUIDE became frustrated because they could not query the system
on distant sights. This recommendation is endorsed by Hjelmeroos et al.
(1999) and Brown (1998). In a study about Nokia 9000 Communicator (a
mobile device with a web browser and comparatively large screen), users
said that besides using the device during travels, they wished access to
travel information mainly before a trip.
One of the few works that investigate many of the questions related to users
requirements for mobile applications was carried out by Pascoe et al.
(2000). They designed the prototype of a mobile computer system to assist
fieldworkers in data collection tasks. From this experience they developed
the principle of what they call Minimal Attention User Interfaces (MAUI),
which seek to minimize the attention that the user has to dedicate to operate
a device. The prototype was designed for a personal digital assistant (3Com
PalmPilot), regarded as the most suitable for the fieldworker’s tasks
because, among other reasons, allowed one-handed operation.
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The development of the fieldworker assistant was based on the idea that the
usage and not only the device and the user are mobile. As a consequence, it
is the user’s activity that shapes the design of the interface.
An interesting observation by Pascoe et al. (2000) is that in a fieldwork
environment it is not the number of interactions occurring that is so crucial,
but the amount of attention that they require from the user. Probably, the
most useful lesson to be learnt from this work is the characterisation of the
fieldworker user. Pascoe et al. consider that nature of mobile usage
requirements can be identified by four characteristics:
-

Dynamic user configuration – the system is to be used anywhere
and at any time, what means many different situations.
Limited attention capacity – interaction with the device is
combined with observation of another object.
Context dependency – activities are dependent on user context

Pascoe et al. believe that much of their results can be applied to a wide
range of applications that require mobile usage, such as tourist guides.
Although the fieldworker may be an extreme example of mobile user, the
observation of her context gives an invaluable insight into users behaviour
in open environments. This gains even more importance if we take into
account the insufficiency and fragmentary nature of the information
available about mobile Internet users.

3.4 SPATIAL COGNITION AND WAYFINDING
The relationship that emerges from the interaction between the two
areas of main concern in this work – user and location – can have great
impact in the design of services that are based on geographical position.
Learning about how people relate to their physical location, navigate and
find themselves geographically can help in designing interfaces that are
more usable and useful. Such understanding is essential to the design of
interfaces that can enhance and not conflict with people’s perception of
space.
One way of attempting to find out how people relate to location is turning to
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spatial cognition, which is the study of mental processes and structures that
allow the individual to think, imagine, interact and communicate about
space. The study of spatial cognition is concerned with how spatial
knowledge is acquired, represented, structured and used. This is particularly
important because the cognitive spatial processes and operations that exist
to access, transform, recover and use that knowledge affect individuals’
behaviour (Medyckyj-Scott and Blades, 1990).
In a work about the relevance of users’ cognitive representations of space,
Medyckyj-Scott and Blades (1990) state that the spatial representations a
person has can affect her use of Geographical Information Systems (GIS)
and that such systems should be designed to make use of these
representations. Their concern - to avoid that the interface design reflects
more the designer’s view of the world than that of the user - is relevant to
location-aware mobile systems as well.
Learning about people’s representation of space helps us to comprehend a
spatial problem solving – the so-called wayfinding – that is directly related
to the scope of this work. Representations of space are sources of
information for the decisions that one has to take when deciding to reach a
destination (Arthur and Passini, 1992).
3.4.1 SPATIAL REPRESENTATIONS
There are two kinds of spatial representations: the physical ones,
such as maps, and the abstract ones, constructed mentally by individuals. To
produce adequate physical representations, it is necessary to know how the
abstract ones are constructed.
The mental representations have been for a long time named cognitive
maps, what can be defined as a spatial-based representation of geographical
features and their relationships (Medyckyj-Scott and Blades, 1990). In the
last years, another metaphor - cognitive collage - has been increasingly
adopted to describe the mental representations made by people about
environments that are not familiar or that are too big to be seen from a
viewpoint. In these situations, cognitive collage is a more appropriate
metaphor because there are evidences that people’s environmental
knowledge is constructed in diverse forms, some of them very distinct from
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what a map would look like. Cognitive collages are not as coherent as maps
and contain figures, partial information and different perspectives. They can
come, for example, from routes already taken, figures, maps, texts and oral
instructions (Tversky, 1993).
Several researchers have investigated spatial descriptions as a method to
comprehend how people construct their spatial representations and how they
use their spatial knowledge. According to Hunt and Waller (1999), when
asked to describe objects in relation to their own bodies, people generally
describe things that are situated in front of them with more precision than
things that are behind or beside them. It seems that space around us is not
regarded as equal: front, followed by back, are psychologically more
important than the sides.
After studying people’s descriptions of environment, Tversky (1993)
concluded that descriptions of large spaces always assume either route or
survey perspectives or a combination of both. This finding contradicted the
assumption that most spatial descriptions take a consistent perspective.
In a route, the describer takes the readers (or listeners) to a mental tour of
the environment. Landmarks3 are described with respect to the changing
position of the reader in terms of his front, back, left and right. A survey
takes a bird’s eye view and describes landmarks relative to one another in
terms of north, south, east and west (Tversky, 1993).
Survey and route have parallels with two major means of learning about
environments - the first through maps and the second through exploration.
They also correspond to a classification about forms to communicate spatial
knowledge, namely analogical (or declarative) spatial representations and
propositional (or procedural) languages (Freksa, 1999).
Propositional languages have linear structure and include natural languages
(e.g. oral communications) and formal languages (e.g. written
communications). Analogical spatial representations are usually given in
two or three-dimensional spatial medium, such as maps, and do not have a
natural linear representation structure.
3

Landmarks can be shortly defined as reference points used to determine directions (Hunt
and Waller, 1999).
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Before concluding this section, it is worthwhile mentioning an observation
by Strohecker (1999) about the use of virtual environments for research on
spatial cognition. According to her, most works in this area are based on the
assumption that people acquire knowledge if space is well represented. In
general, tests begin with people interacting with a model of a physical
space. Subjects are then asked to find a pre-determined route through space.
She raises an interesting question: What would happen if people could
construct their own spatial knowledge by, for example, constructing their
own maps and defining their own landmarks? Maybe, a good design
solution would be provided by a system that allowed people to construct
their own maps in order to reflect memories of places where they had been
or they would like to be.
3.4.2 FINDING A WAY
Wayfinding is the generic term used in today’s literature to cover the
perceptual, cognitive and behavioural processes involved in reaching
destinations (Passini, 1999). This area of study has been ignored in the
design of interfaces for location-aware applications, maybe because it is
often associated with architecture and urban planning. Nevertheless, this
field can be a valuable source of knowledge of how people perform spatially
oriented tasks.
Arthur and Passini (1992) define wayfinding as a spatial problem-solving
task that consists of three elements: information processing, decisionmaking and decision execution. Information processing comprises
environmental perception (through senses) and cognition (understanding),
which provide the basis for the two decision related elements. Cognitive
maps and cognitive collages are sources of information for making and
executing decisions. Under the decision-making phase, the wayfinder
develops a plan of action based on the information that is available. And,
lastly, in the decision execution phase, the person transforms the plan in
behaviour.
A simple example of the whole process could be one of a person who is at
the entrance of a shopping centre and wants to buy shoe but does not know
where the shoes store is. The usual behaviour would be (1) trying to find a
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“You are here map” or asking someone (information processing), (2)
deciding to take the stairs instead of the lift to reach the store (decisionmaking) and (3) walking to the destination (decision execution).
According to O’ Neill (1999), a wayfinding task is usually composed of
smaller problem-solving tasks. People start finding a place by reaching an
intermediate goal, from which they reorient themselves to reach another
intermediate goal until the final destination is found.
O’Neill’s subtasks and Arthur and Passini’s (1992) wayfinding model
harmonize with Freksa’s (1999) statement that wayfinding tasks are carried
out partly in the physical environment and partly in the domain of cognitive
representation. He points out that the parts carried out in the physical
environment are the ones that give meaning to the structures and operations
in the cognitive representation.
Helping a wayfinder
In large-scale or confusing environments, it is always desirable to help
people in their wayfinding tasks. The reason is simple: people do not like
getting lost or not finding a way, which causes frustration, anger and stress
(Arthur and Passini, 1992 and O’Neill, 1999). It can also cost money if, for
example, people start avoiding places where they have problems to find
their way.
Each situation requires a different support system, as Hirtle (2000) observes.
Passini (1999) suggests that, in the case of graphic information, the support
system must display information that corresponds to a typical decision plan
for that specific situation. Thus, the logic that links decisions into a plan
must be the same that links information displays into a system.
But, above all, the abilities and limits of the user population must define the
design of wayfinding supports (Passini, 1999). Paying attention to the
characteristics of the target group is particularly important because there are
indications that spatial reasoning varies according to sex, culture and
language, as observed by Hunt and Waller (1999). As an example, women
and men tend to use different strategies when trying to find a way: women
use route-like methods and men employ more survey methods. In addition,
there are well-informed or uninformed users and smart or helpless
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searchers. Other factors such as sensory and orientation abilities and
mobility can as well influence a wayfinding performance (Hirtle, 2000).
In addition, people may employ different strategies when facing the same
kind of problem. Arthur and Passini (1992) refer to the fact that people who
tend to organize information on a linear basis, would have difficulty to
understand a support system organised on an analogical basis. Thus, a
person who is not used to maps would probably prefer route instructions to
find a way.
According to Passini (1999), another important difference in people’s
decision-making styles has been observed: the amount of information a
person considers necessary before making a choice. Some people prefer
collecting all the information available before taking a decision about where
and how to go.
However, it has also been observed that people tend to develop similar
decision plans for a given environment if the same kind of information is
given. Individuals develop their wayfinding solution as a function of the
available information and when the support system is strong and consistent,
decisions made by users are very similar (Passini, 1999).
To ensure a successful aid system, it is crucial that people grasp straight the
correspondence between the environment (where the solution of the task
matters) and its representation (where the solution is computed) (Freksa,
1999). A way of communicating this correspondence is by transferring
environmental structures to the representation. Darken and Peterson (2000)
concluded that if a space has an understandable structure that is made
known to the user through the aid system, the performance is significantly
improved. In an urban environment, for example, street names and house
numbers can help searchers to infer the correspondence between the
external representation of the world (a map or a computer graphic) and the
environment (Hirtle, 2000).
An appropriate representation does not necessarily have to be a close
reproduction of the environment. The reason is that a too close reproduction
does not give task-oriented “clues” about the environment and does not help
navigation. In other words, the world can be too confusing and distract users
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from their tasks. As already mentioned before, a way of achieving a good
representation is looking at the tasks to be performed. The wayfinding
decisions should indicate how, where and when the support system should
be (Passini, 1999).
According to Arthur and Passini (1992), there is not much knowledge of
people’s perceptions while they are moving and being active neither on their
behaviour in complex environments, where there is a lot of information to
be processed.
It is known, however, that when moving through a complex environment,
people process visual information in two phases. Firstly, in an
environmental perception phase, they scan the visual field to identify
objects or messages of interest. If they notice something of interest, people
move to the second phase of the information processing, which the authors
call environmental cognition. Those objects of interest are then focused
upon a short period and their images are held in a short-term visual memory.
Later some of those objects are translated into memory of longer duration
(Arthur and Passini, 1992).
Propositional versus analogical communications
Achieving a good support system involves choosing an adequate way to
communicate spatial knowledge. Therefore it is necessary to know the
advantages and disadvantages of the most used perspectives (route and
survey), so the form to communicate spatial knowledge matches the tasks
and the user group’s abilities. As mentioned in Section 3.3.1, route and
survey correspond to, respectively, procedural languages (including natural
and formal ones) and analogical representations and to the ways people
behave when exploring an environment.
A route is a sequence of points where a wayfinder selects a new direction
combined with the segment travelled from one point to another (Hunt and
Waller, 1999). When making a route, a person has to identify landmarks and
spatial relations in the real environment but she is not required to make
decisions because they were taken beforehand by those who provided the
route description (Freksa, 1999).
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This is why a route description does not need cognitive reasoning. Tracking,
for example, which is a method that relies on local cues for identification of
a route, allows fast performance but does not allow retention of information
in memory. Although it is an efficient way of reaching a place it has a
disadvantage: the only thing that the searcher learns about the environment
is the route itself. As Hunt and Waller (1999) explain, in a route the
temporary memory loads are minimised to maximise performance and the
amount of information consolidated into long-term memory is reduced.
Therefore, the memory of the route lasts only while the cues last.
Several authors agree that route descriptions are a more efficient and
economical approach since all users will take only one route and
performance is the main goal. For instance, people who follow signs
(instructions) in a large building in general arrive at their destination more
quickly than those who use “Your-Are-Here” maps (Hunt and Waller,
1999).
But verbal descriptions are not economical at all when everybody has the
same destination but comes from a different direction (Freksa, 1999). This
kind of situation would require a different description for each wayfinder.
Verbal descriptions are, in addition, regarded as inefficient to communicate
a complex spatial situation such as a street segment in a downtown area.
On the other hand, analogical representations, like maps and plans, offer
much more information on spatial relations and allow more routes to be
given at the same time. They enable people to make spatial inferences
giving them freedom to explore different routes, what can enrich their
knowledge of a place. It is also true that spatial inferences require more
effort. Maps, for example, have to be analysed and interpreted so landmarks
can be identified and decisions can be made (Freksa, 1999).
The construction of a spatial information support system is complicated by
the fact that there is not a cognitive theory capable of assessing the pros and
cons of different approaches to determine good design criteria (Freksa,
1999). Such a theory, nevertheless, would not exempt one from the need for
a careful study of the environment in question, as Hirtle (2000) observed.
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After examining the adequacy of different design projects, he concluded
that there is not a unique perfect representation form for all wayfinding
support systems, since some locations are easier to indicate in words, others
in maps and others by images. Using cognitive collages as a framework, he
recommends that a navigational system should include multiple modes of
data format. In addition, redundancy (display of the same kind of
information in different forms) is not only advisable, but also critical. Signs
and labels indicating a location should, for example, be provided both on a
map and the environment.
Maps
One of the reasons why maps are among of the preferred forms of
communicating spatial knowledge is that they are capable of showing only
the elements from the environment that are relevant to the wayfinding
situation. Hirtle (2000) remarks that a good map stresses the relations,
structures and other properties of the environment that are crucial to support
the wayfinding process and ignore those that impede or make it more
complicated.
According to Tversky (2000), maps should really omit information because
much of the environmental information is not relevant and can get in the
way of finding what is relevant. Freksa compares maps to interpreted aerial
photographs, where “sets of meaningless picture elements are replaced by
symbols and the symbols correspond to meaningful entities in our conceptoriented view of the world” (1999:7).
The advantages of using maps are also noticeable when they are compared
to other kinds of analogical representations. Darken and Peterson (2000)
compared the navigational abilities of people using virtual environments
and maps as supporting tools. They concluded that given a short amount of
time to familiarize with an environment, maps are more helpful because
they do not overload users with information that cannot be quickly
assimilated.
Hirtle (2000) identifies three situations in which maps can be used in
wayfinding situations: firstly, during exploration; secondly, as a substitute
for exploration, when it works as a source of information; and, thirdly, as a
tool to give directions to other people. Especially in the first case – during
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exploration – it is possible to identify some of the disadvantages of maps’
usage.
During exploration, a person has to be able to place herself on a map in
relation to what she is facing in the real environment. Many experiments
have shown that people have problems to rotate a map, i.e., to transform
from egocentric perspective to geocentric perspective. Therefore many have
to align the map with the environment, which is not always a satisfactory
solution because the alignment can conflict with the usual north (top)-south
(bottom) frame that people are used to (Darken and Peterson, 2000).
Mijkenaar (1999) suggests another design solution by using threedimensional representations of some landmarks while the rest of the map
remains “flat” or two-dimensional. Tversky (2000), however, claims that
three-dimensional information about environments is not needed and may
even be contra productive because it can be difficult to understand.
Independently of the form, what seems to be common sense is that what
makes map useful is not how close they reproduce reality but how well they
help in the performance of the tasks that they were developed for (Darken
and Peterson, 2000 and Medyckyj-Scott and Blades, 1990).
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4 DESIGN ON SMALL DISPLAYS
Making graphical user interfaces (GUI’s) for mobile phone has been
described as working in the world of nano-graphics [5]. Mobile phone
displays have actually a very limited screen size and resolution. The model
Nokia 7110, considered as having a large display, has a screen of 96 pixels
x 65 pixels and can show up to 6 lines of 23 characters. Building graphic
user interfaces for such small screens is complicated by the insufficiency of
design guidelines, what can be partially explained by the fact that the area is
very new and is still in an experimental phase.
Mobile phone displays are becoming increasingly more sophisticated in
terms of resolution, availability of colours and interaction methods. The
model P503i, produced by the Japanese company DoCoMo is a good
example of the fast progress achieved in this area. Instead of a roller or
keys, this device has a small joystick. When the joystick cursor moves over
something on the screen, the item enlarges making the focus of interest
easier to see (Nielsen, 2001).
However, it is not likely that the screens will become much bigger. After all,
small size is a key factor in the usefulness of mobile devices, as Kamba et
al. (1996) remark. They observe that the design for mobile devices is
constrained not only by the screen size, but also by the dimensions of text
on display. Reductions in the size of text are limited by the ability of users
to discern small type sizes. Their informal observations of the usage of
personal digital assistants suggest that a threshold of legibility for most
users lies between 9 and 12 points.
In a work that has almost become a reference for many small display
designers, Duchnicky and Kolers (1983) investigated the readability of text
scrolled on visual display terminals as a function of different line lengths,
character densities and window heights. They concluded that although
people read faster from larger windows, they can read and comprehend
continuous text presented in windows as small as one line of 15 characters.
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In spite of being a reason for headache among designers, small displays do
not seem to be a problem from users point of view. They are willing to
accept the screen’s limitations as a compensation for the portability and ease
of use, even if this means that they have to scroll more (Ramsay and
Nielson, 2000).
At all events, size constraints create a new issue: as less information can be
shown on the screen, users have to increase the level of interaction with the
device to get a service or information (Kamba et al., 1996). Hjelmeroos et
al. (1999) got the same conclusion after carrying out several usability
studies for the Nokia 9000 Communicator, whose screen is relatively large
(12x3.8cm and 640x200 pixels of display).
Their work also indicated that users were ready to cope with lack of
consistency between the design of mobile browsers and applications on
other platforms, like desktop operative systems. The users who took part of
their study did not mind learning a new functionality only employed on a
mobile browser since there was internal consistency in the mobile browser.
The limitations imposed by small screens on the presentation of menu
hierarchy was the main concern of a study conducted by Böcker and Suwita
(1999), who made usability tests to evaluate the graphic interface of a new
mobile phone, the Siemens C10. They compared the performance of users
employing a menu only made of text and another that had icons and text.
The overall conclusion was that in terms of objective performance data
(tasks solved, time needed), the icon interface was not better. But in relation
to subjective satisfaction, users preferred the icon interface, which was seen
as more user friendly and fun to use than its equivalent text-only.
However, subjects who were experienced with mobile phones seemed to be
rather confused by icons that referred to particular functions, possibly
because their own mobile phones worked differently. Mobile phone owners
chose more often wrong keys than non-owners, what revealed a case of
negative transfer.
Users have also expressed dissatisfaction in relation to adaptations of user
interface elements from desktop computers to WAP applications (Ramsay
and Nielsen, 2000).
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There is still some discussion on how the current content available on the
Internet could be somehow automatically adapted to mobile devices (Hjelm,
2000). Jones et al. (1999) carried out a study into the usability impact of
using small screen devices for sites that had been created for computer
screens and that had not been adapted. They found out that users of small
screens (640x480 pixels) were 50% less effective in completing tasks than
the large screen (1074x768 pixels) users.
Although what Jones et al. call “small” seems gigantic when compared to
mobile phone screens, it is worthwhile looking at some of their results. They
observed, for example, that 80% of small screen users began trying to fulfil
their tasks by using the search options of the site. Small screen users
selected search facilities twice as many times than large screen users. They
concluded that small screen users seem to choose and prefer direct access
strategies over less directed browsing approaches. This is why sites that are
supposed to be viewed by handheld users must provide one or more direct
search mechanisms.
Jones et al. (1999) also recommend that the organisation of the information
be more focussed on the goals that users want to achieve. Because of that,
the list of attractions of a location-aware tourist guide, for example, should
move attractions already visited by the user further down the list, as
suggested by Cheverst et al. (2000b). For the same service, another
important recommendation refers to giving users some notion of how much
information remains to be seen on a particular topic.

4.1 MARKET SOLUTIONS
Although there are already companies offering location-based
services for mobile phones, there is not much information available on
which design solutions they are choosing. As an example, it was not
possible to access the positioning services provided through the
telecommunication company Telenor, which are accessible only for
subscribers. One of its Telenor’s providers [6] informs that location services
are given by means of maps and route descriptions, both apparently aimed
at car drivers.
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Webraska [4] seems to have a similar approach, if the demonstrations of
possible services shown on its homepage are to be taken into account. In a
demo supposed to be used with Java enabled mobile phones (Figure 1),
users should be able to choose guidance through maps and routes. An
interesting feature is the possibility of registering the places where the user
had been before and of saving routes. On maps, arrows show the destination
where the user wants to go.

Figure 1 – Demonstration of a navigation system for Java-enabled
mobile phones developed by Webraska [4].

In a demo version for WAP phones, users have to provide starting and
destination points of the journey. If the user does not know exactly the name
of the street he wants to go, he can make a “proximate” search. When the
start and end of the itinerary are chosen, the user has to choose among 5
kinds of route (simplest by car, fastest by car, shortest by public transport,
by foot, new itinerary). Only then he can get a map and a route description
In Denmark, the popular WAP site Krak [7] does not have a location-aware
system but its users can get geographical information on places in the whole
country by giving the system an address or a fixed telephone number. Their
site provides two kinds of information: routes and lists of services such as
restaurants and drugstores that are close to the user. Location information is
always given through route descriptions in combination with arrows (Figure
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2).
The use of arrows seems to be a good idea, but it becomes confusing when
it is clear if an arrow refers to the previous or to the next instruction.
Another problem is that route descriptions do not take users’ orientation into
account. As an example, when a route starts stating “Follow Glentevej about
40 m”, it is not clear whether the searcher should walk to her left, her right
or ahead.

Figure 2 – Route description on Krak’s WAP site [7].

The American MapQuest.com [8], despite the name, does not provide maps
on its WAP site, only routes. It is more aimed at drivers and works similarly
to Krak, as far as the input information is concerned. Users have to type an
address or place to get a description on how to reach a destination.
Navigation is, though, more complicated because the service requires a very
precise address and only one field to fill information is given per screen.
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5 TOWARDS A FRAMEWORK FOR THE DESIGN OF
LOCATION-BASED SERVICES
The combination of the knowledge about context-aware systems,
spatial cognition and wayfinding with principles of good design for small
displays and considerations about user needs and interests suggest general
guidelines for building effective location-based mobile services. These
guidelines, however, can only be tentative due to the insufficiency of
knowledge to support them. There is clearly a lack of studies, especially
empirical ones, about how people interact with mobile devices and behave
while moving.
Drawing from the previous sections, this chapter attempts to summarize
design guidelines for the development of an effective and dynamic service
based on location. In this work, design is understood as mainly related to
content selection and organisation of information and in a lower degree to
graphical elements. Issues related do hardware are not covered either. In
other words, the main concern is site design more than page design.
The focus on site design has a practical justification. The accelerated
development of mobile device displays and of the devices themselves can
make a discussion on graphical criteria almost useless. What can seem very
appropriate today could sound valueless in a year. This is why I prefer
concentrating on how chunks of information can be grouped and organised
rather than on how they can be graphically presented.
This summary is divided in two parts: one concerning location-based
services in general and another one specifically for wayfinding support
services. In the first case, the system must inform users where they are and
what else is nearby and provide information that is related to position. In a
wayfinding situation, the application must also show the way to places that
users wanto to go to.
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5.1 GENERAL GUIDELINES
1 - What is relevant here and now?
The content of a location-based service must be basically around answering
this question (Cheverst et al., 2000b). I prefer looking at this question with a
broader approach to take into consideration that the service can be used as a
planning tool and also as a repository of information based on location.
Thus the service should also answer: “What will be relevant there and
thereby?” and “What was relevant there and thereby?”.
2 - Easy to learn and use
Because mobile device users are not expected to be experts and should be
able to accomplish tasks quickly and efficiently, applications should be easy
to learn and should not require much effort to use (Mohageg and Wagner,
2000).
3 - Task oriented
The information must be displayed in a way that relates to the goals to be
achieved by using the service. The site design should correspond to the
tasks that have to be performed to reach such goals (Arthur and Passini,
1992).
4 – Tasks can be accomplished quickly and efficiently
Because time is crucial, too much browsing must be avoided by offering
direct access strategies. In mobile situations, users normally do not have
much time to browse and do not to want to spend much money doing it.
Therefore mechanisms that shorten the way to the pieces of information
desired should be adopted. This can be done through search engines and
customisation options (Mohageg and Wagner, 2000).
5 - Design must be adapted to user profile
Besides the usual considerations about target group, mobile systems require
understanding how users behave differently in different occasions. A
complementary and necessary approach is looking at what people want or
need to do in some situations and under certain circumstances (Johnson,
1998).
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6 - The display of information has to be easy to scan.
It has to be taken into account that very often users are in minimal attention
situations and cannot dedicate much cognitive effort to understand what is
on display (Pascoe et al., 2000).
7 - Information must be organised in topics with access to deeper content
The information must be introduced through clear and easy to understand
headers that may lead to more extensive and deeper information when
required by users. Topics can help avoiding information overload, which
could be disastrous in outdoors environments that are already full of
stimulants (Cheverst et al., 2000b).
8 - Technical terms must be adapted to users’ language
Despite being a positioning-based system, technical geographical terms
must be avoided to make the service easily understandable (MeduckyjScott, 1990).
9 - Not only information based on location should be available
Information not directly related to position but related to the general goals
of the application should always be offered (Brown, 1998).
10 - Physical context features must be taken into consideration
Special attention must be paid to cyclical and temporary features that can be
used as triggers to change the system in a way that satisfies user needs.
Weather changes, for example, could determine alterations in the kind of
activities that a city guide would suggest to its users (Pascoe et al., 2000 and
Brown, 1998).
11 - Care about offering automatic services.
One must also have in mind that mobile phones are generally used in social
context where loud ring tones can be disliked and constant screen reading
may be disrespectful. Therefore automatic updating of information must be
optional, so users can choose neither to be disturbed nor overwhelmed by
information. When users choose automatic updating, notifying mechanisms
that are less intrusive, such as vibration, should be made available
(Väänänen-Vainio-Mattila and Ruuska, 1998).
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12 – Integration with other media and platforms is advisable
Other media, such as desktop-based Internet and printed media, can be
integrated with the mobile application to optimise the use of the service
(O’Neill, 2000 and Freksa, 1999).
13 - Design that considers differences among displays.
A site full of pictures can look awful in devices that do not support them.
The old rule of the World Wide Web of using “alt” tags is also applicable to
the mobile Internet (Hjelm, 2000).
14 – Use of icons and graphics, when appropriate
Research has shown that images are easier to recognize (Arthur and Passini,
1992) more enjoyable (Böcker and Suwita, 1999) than text. In mobile
situations it is desirable that users pinpoint a subject immediately, so
interaction can occur more quickly. Icons must, however, be accompanied
with text, so they are more easily learnt.
15 - Internal consistency more important than external consistency
It is advisable to take advantage of users experience with other devices and
software when choosing how to present information but this should be done
cautiously. The most important is being consistent throughout the
application so users get used to the way information is presented and have
greater ease finding it (Böcker and Suwita, 1999).

5.2 GUIDELINES FOR A WAYFINDING APPLICATION
1 - Supporting users’ different perceptions of space
Because people do not use perceive space in the same way and employ
diverse strategies to find themselves in space, it is important to present
spatial information in different and, if necessary, redundant forms. Route
instructions, mapping, landmarks, graphs and images can be combined to
support users (Hirtle, 2000).
2 - Environmental cues
Elements that make correspondence between the real environment and the
representation should be used to orientate users. An example of how to do

41

this correspondence is utilising icons to represent real landmarks (Freksa,
1999).
3 - Consistency in the orientation of maps
If possible, user orientation should be used. If not, north up orientation is
preferable (Darken and Peterson, 2000).
4 - Reassurance cues
The application should have mechanisms to inform users whether they are
on the right way (Darken and Peterson, 2000).
5 – Maps according to tasks
Maps should omit information that does not help in the accomplishment of
the tasks the application was built for (Tversky, 2000 and Hirtle, 2000).
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6 PROPOSAL FOR A LOCATION-BASED MOBILE SITE
The usefulness of employing wayfinding and spatial theory in the
design of mobile Internet services should be tested in practice and that is
what I attempt to do by developing a concept of a location-based service.
This is an idealised proposal that cannot be implemented immediately. Such
a service is technically possible now but there are operational and market
reasons that may only allow its full implementation in a year or more.
Based on the guidelines introduced in the previous chapter, the development
of a service for tourists visiting a city is proposed. The objective is giving
tourists the possibility of enhancing the enjoyment of a city that they visit
the first time or that they do not know very well. Besides saving users of the
need for carrying guidebooks and constantly checking printed maps, the
service would help tourists to use more optimally and rationally the scarce
time they, in general, have. The information provided by such a service
would give them more autonomy and freedom to decide what to do of their
time. Its optimal use means that, with the service, instead of wasting time
looking for information, users will have information on hand and therefore
more time to enjoy the town.
The concept and resulting is supposed to be used especially by foreigners in
the Danish capital, Copenhagen, but it should be possible to apply its
overall features in other towns. I have been mainly concerned in assisting
pedestrians but I believe that this concept could be extended to assist drivers
as well. I name the service Mobile Guide. I suggest a system that takes
advantage of users’ experience. This is one of the reasons why employing
terms and tools typically utilised by tourists as part of the system
As mentioned previously, one of the main goals of the Mobile Guide is to
make navigation in town easier and less stressful. This should, however, be
done without eliminating the joy of exploration and discovery.
The service should enable users to enrich this experience without making it
totally predictable. The system should therefore tell users where they are
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and what they can do only if and when they want this kind of information.
Mobile Guide should not interfere too much with tourists’ involvement in
the environment either. They cannot be too involved with the application to
miss contact with the city’s sights. Therefore, it is suggested alternatives to
reduce the time needed to interact with the mobile device.

6.1 USER PROFILE AND INTERESTS
People with distinct profiles and using different devices will access
the service. The service should then be general to attend the needs and
interests of a broader public and flexible enough to allow customisation and
to satisfy specific demands. Due to time constraints it was not possible to
make a more accurate study of the target group, but I have collected
information from different sources to have an approximate idea of what kind
of services would interest foreign tourists. I have also done informal
observations of tourists in the environment where the Mobile Guide should
most be used – the streets of Copenhagen.
As a starting point I consider that a typical Mobile Guide user would be
between 25 and 55 year-old and would have some familiarity with the
mobile or fixed Internet or with mobile phone services. Actually, this is not
far from reality since almost a third of the tourists that visited the city of
Copenhagen from January to September 2000 were from Sweden, Norway,
United Kingdom and United States [9], countries where the penetration of
the Internet and mobile phones is among the highest in the world (Nua,
2001b).
Mobile Guide users are supposed to be physically fit and attentive. Special
situations, such as tourists with physical or cognitive disabilities, are not
covered in order to limit the range of problems to be tackled in this work.
I also work on the assumption that our Mobile Guide user is interested in
the Danish culture and history and wants to know more about Copenhagen’s
architecture. This assumption is based on observations made by Davies et
al. (1998) in relation to GUIDE. Other interests manifested by tourists
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studied as part of the GUIDE project were also taken into account in the
decision about the prototype’s content (see Section 3.3).

6.2 USER TASKS
To facilitate the design of Mobile Guide, I have made a list (Table 1)
of the main tasks users should be able to perform by using the application.
Tasks
1 – Decide what to do
2 – Get information about a place/service
3 – Find own location
4 – Find location of a place
5 – Find out how to go to a place
6 – Book services
7 – Plan tour
8 – Register tour
9 – Send an electronic postcard
10 – Rate/comment services

Before
tour
X
X
X
X
X
X

During
tour
X
X
X
X
X
X
X
X
X
X

After
tour
X

X
X
X

Table 1 - Tasks to be performed with the Mobile Guide.

The list takes into account that the service should work not only as a
wayfinding tool but also as a source of information about places that users
are interested to know about. The service should help users to decide what
to do (1) and provide information about sights and services (2); and inform
users’ own location (3) and where a certain place is (4) and how to go there
(5) and be used to book services (6). It should also assist users to organise
their trip, so they would not miss sights because of a bad planning (7).
The observance of these tasks would most likely produce a useful and
informative service, though probably not appealing enough. After analysing
tourists’ context more carefully and taking into consideration Strohecker
(1999) remarks (section 3.3.1), it seemed appropriate to suggest a task
related to the registration of one’s travel memories (8). Tourists usually
enjoy keeping memories of their travels by taking pictures, buying
souvenirs or collecting things like brochures. Thus the Mobile Guide could
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become more attractive if it were able to support this kind of activity.
Another way of making our application more appealing would be creating
elements that could give socio-pleasure to users. Socio-pleasure has been
defined by Jordan (2000) as the enjoyment derived from relationships
facilitated by a product. Users should get some socio-pleasure from an
application like the Mobile Guide by finding mechanisms to interact with
other people. To attend this issue, it is suggested a service by which users
should be able to send electronic postcards from their mobile devices (9).
Besides the pure pleasure of communicating with friends and relatives, this
kind of service would help users to avoid practical problems related to
buying stamps or looking for mailboxes to send paper-printed postcards.
Lastly, users would also have the possibility to contribute and enrich the
application by rating services and tourist attractions and making short
comments about them (10).
In the following section I explain how the Mobile Guide should be designed
to enable the tasks presented above.

6.3 MOBILE GUIDE
The service would be available on cell phones equipped with a
network connection but it would not be limited to the mobile Internet. The
mobile site would be the focal point of a system that integrates orientation
and tourist information from a variety of sources in order to increase the
service’s usefulness and coverage. The system would then include other
three elements: printed materials, a web site and street signage. The whole
system would share common graphical elements to build a unified visual
expression. Icons to identify landmarks, for example, should be similar in
all media used in the system.
The service should assist users before, during and after their visits. Before
visiting a city, tourists would use the web site to plan their tours, book
services and check information about the place they wish to know. While
they were in town, the service would be employed as a wayfinding support
tool, a provider of different kinds of interactive services addressed to
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tourists, and again as a source of information about the city. After leaving
town, tourists could use the service as a temporary repository of their diary
of travel to keep the memories of the city.
Table 2 clarifies the objective of each of the four elements of the system.
The tasks described in the previous section are matched with the elements of
the system that users are expected to utilise before, during and after their
stay in town. The table only describes what is expected and does not mean
that users are prevented from using the mobile site before arriving in
Copenhagen.

Tasks

Before
tour
Web site

During
tour
Mobile site

2 – Get information about a
place/service
3 – Find own location

Web site

Mobile site

Web site

4 – Find location of a place

Web site

Web site

5 – Find out how to go to a place

Web site

Mobile site/
Signage
Mobile site/
Signage
Mobile site

6 – Book services

Web site

Mobile site

7 – Plan tour

Web site

Mobile site

1 – Decide what to do

8 – Register tour

Mobile site

9 – Send an electronic postcard

Mobile site

10 – Rate/comment services

Mobile site

After
tour

Web site

Web site

Table 2 - Elements of the system according to tasks.

The remaining of this section gives more details about the functions of the
printed materials, street signage and the web site. In the next section I will
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give further clarification on the mobile site.
Printed materials
They would be employed to advertise the service and eventually to explain
its overall structure to potential users. They should be made available in
places with high concentration of tourists such as tourist office centres,
airports and train stations. Printed city maps, like those that are distributed
by tourist boards, would also be incorporated in the service. They should
indicate all the landmarks described by the electronic sites. This would
work as an additional orientation cue.
Street signage
It would be utilised for different reasons. They can indicate to users that
they are on the right way and also that information about a place or tourist
attraction can be found on the mobile site. Thus relevant landmarks and
services represented on the Mobile Guide would have an external signal to
indicate it. In the case of services, this signal should contain a name or
number used as code to identify that place in the Mobile Guide service. This
code would be employed by users to search for information about that
specific place. Besides helping users to more easily make connections
between the real world and the information on display, the street signage
should work as an encouragement to access the WAP site.
Web site
The mobile Internet site would have an equivalent web site. Relevant
information seen on the Mobile Guide will also be seen on the web site but
it does not mean that one site is a copy of the other. The web site should
work more as a repository and a planning tool. By accessing it, users get
broad and deep information about the city they think about visiting or have
decided to visit. They can give information about their interests in order to
build profiles that adapt the services provided by the mobile browser. These
profiles are stored in a kind of account made available through the mobile
site.
By making a profile, users can plan their trip making a kind of “must do
list” to be accessed from the mobile guide. This plan would basically consist
of things one wants to do, such as going to Louisiana Museum, seeing the
Little Mermaid, visiting Christiania and so on. It can be represented
geographically and seen on a map, so tourists would more easily plan their

48

Location-Based Services on the Mobile Internet

time depending on how close a sight is to another one. Maps showing one’s
planned tour and other graphical elements can eventually be sent from the
web to the mobile site before the actual tour.
The integration between the fast web and the mobile site can happen the
other way around to attend the task of keeping a diary of travel. While doing
their visits, tourists can register on their mobile phone the places they most
liked or where something that is worth registering happened. They can write
short notes about such places and send them to their tour account. Later,
they can check the notes and build their personalised travel diary. As each
note corresponds to a location, it will also be possible to see those locations
as landmarks on a kind of personalised map whose landmarks would be the
ones chosen by the tourist.
6.3.1 MOBILE INTERNET SITE
As the focal point of the whole system, the mobile Internet site
would provide information to be used mainly while visitors are doing their
tours. The site provides dynamic information according to location and
time, but it should also be connected to a database that can answer general
queries on sights and services independently from user’s location.
The Mobile Guide site can be regarded as having four interconnected units:
communication, wayfinding, information and diary. The communication
part enables users to send postcards, give ratings and call service providers
or sight attractions. The wayfinding unit helps tourists to find ways, to
understand the spatial features of the town and to give users their location.
The information unit works as a general archive of information concerning
the city and users’ needs. It will have, for example, a basic Danish
dictionary. The diary unit allows users to store information about their tours.
Because the interests of tourists are usually related to their physical
location, their position is the main reference for the organisation of the site.
Location is used as a trigger that gives meaning to the site. If a user is
notified that she is, for example, in a certain point at H. C. Andersen
Boulevard, she will also be able to know which sights are nearby and open
at that time and how she can go to these places. She will, in addition, be
offered the possibility of seeing her location on a map and being notified
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about occasional events and opportunities related to her position and current
time (a service that I call “HotTips”). As an instance, she could be informed
that, close to her, there is a place where she can buy half-price tickets for a
concert. The same applies to “HotTips” that will be automatically updated
only if users require it.
Users’ current location would not be automatically updated. There are two
reasons for this decision. Automatic services can overwhelm users with
unnecessary information. They do not need to be notified where they are
when they already know it or when they do not care about it. In addition,
automatic location information can create a practical problem if users are in
movement. They can become confused if, while still reading something
about the place that they had just left, the system is automatically updated
with information about the place they are arriving to. It must be technically
possible to solve this kind of problem but the solution would very likely
require additional and unnecessary efforts from users who, for example,
would need to remember to press a key to hold the information being read.
The integration between the mobile site and the web site is supposed to
contribute to reduce the time needed for interaction with the device. If users
have downloaded on their mobile phone the profile they previously made on
the service’s web site, they will receive information that is tailored to their
interests. If they have chosen, for example, not receiving information about
historical sites and women’s clothes shops, the information content that they
receive is shorter and, consequently, more straightforward to interact with.
Thus this integration makes the service cheaper and more straightforward.
Even if they have not accessed the web site, they will still be able to
customise their Mobile Guide. The possibility of pre-downloading graphic
elements, especially maps, is also supposed to facilitate interaction and
reduce the time spent with the Mobile Guide. Any kind of customisation
means a selection that adds to time and location towards simplification of
interaction.
Route descriptions
The need for representing space in different forms is even more important in
a service as the Mobile Guide because of the broadness of its public. Route
descriptions are a good choice in this kind of application because they are
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more effective and easy to understand, what can be advisable when tourists
are in a hurry or have problems to understand analogical representations.
Maps
Many tourists may not care about efficient wayfinding performance and
may be more interested in enjoying and knowing more a city by, for
example, understanding how it is organised, especially when a urban plan
has historical or cultural importance. Furthermore, maps provide
information that gives users more freedom to create their own routes and
changing their minds about directions while on the move. Thus, maps and
routes are to be offered on the Mobile Guide. They may be complemented
with pictures or graphics representing the city’s landmarks.
Voice and sound information
Besides texts and graphical elements, users would be able to choose to
interact using voice commands and listening to oral information. They can
choose to listen to routes instructions and information about attractions.
Ring tones would also be used to warn users about information update of
their services. Users can choose to be warned about “HotTips” or about
getting close to a landmark that is part of their planned tours.
6.3.2 SYSTEM FEATURES AND TECHNICAL REQUIREMENTS
The services suggested in Mobile Guide take for granted the
existence of an adequate system formed by computational resources, mobile
networks and devices. A necessary requirement is, naturally, that the system
be equipped with location-aware technologies. Besides that, the amount of
graphics necessary for the optimal working of this kind of service requires
higher bandwidth than the 9.6 kbps per second offered nowadays by most
mobile networks. In addition, mobile phones should be able to access the
Internet without need for dialling up, like in a GPRS connection. Devices
should as well be equipped with sound file players and screens that are
capable of showing more detailed graphics and maps.
The system would have a decentralised configuration in which a database
would store the information and processing power needed to answer
requests from both web and mobile sites. This configuration would decrease
the need for pre-installing data on mobile devices, as suggested by Davies et
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al. (1998). Users would be able to require information either by context or
by ordinary search methods.
Positioning data would be a key attribute for identification of each tourist
attraction or service. The system should be able to represent information on
sights and services in different formats. The format sent to users would
depend on the origin of the query. For instance, if the user, using a cell
phone, requested information about a tourist attraction, the answer would be
in a compact format, more suitable for that device and context. If the query
had been through the web site, the answer would be more detailed and
extensive and, when appropriate, containing pictures and graphics.
Users who had entered their profiles would also have an identifying
attribute in the database. This identification would be used to tailor the
information sent to users every time they made a request. Thus the profiles
would not only reduce the time needed for interaction, as mentioned in the
previous section (6.3.1), but also contribute to make the service cheaper for
users since it would reduce the amount of data sent to them. I will further
discuss the issue of costs in the next section.
Another example can be that of users sending an electronic postcard. When
doing it from their mobile phones, they would be offered two options:
sending it as an e-mail address on the web or to another mobile phone as an
EMS (Enhanced Messaging Service)4. The server would receive the request
for the postcard and send it to the receiver’s e-mail or mobile number. An epostcard containing a picture with higher resolution would be sent to the email and an EMS with a low-resolution picture or a graphical representation
of the tourist attraction would be sent to the mobile phone receiver.
In a way, the mobile service would work as a far away remote control of the
server. Tourists would employ it to express wishes like: “Send an e-mail
postcard of the Gliptotek Museum to my friend Paul” or “Record a note
about my visit to Nyhavn”. The mobile device would neither store that note
nor show the picture of that postcard because it would require a too large
local processing power and memory. It should, however, enable users to
4

EMS is a further development of the text-based SMS (Short Messaging Service). It uses
the same infrastructure as SMS but will be capable of including images, melodies and
animation. It should be available by the end of 2001 (MforMobile, 2001).
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write, read and correct that note and show a low-resolution version of that
picture.
The Mobile Guide requires a strong convergence between the web site and
the mobile site. There are already many examples of integration among
mobile sites and the desktop-based Internet, as is the case of services
offered by mobile companies to their customers. In Denmark, TeleDanmark
clients, for example, can send not only SMS, but also e-mails messages
from their mobile phones [10]. Through GCWare’s WAP site [11], a
company from the Czech Republic, users can send e-mail with voice
messages with wav files as attachment.
It would also be necessary to equip mobile phones with a mechanism that
allows users to make a phone call to a number displayed on the WAP site.
This is already possible through WTAI (Wireless Telephony Application
Interface), a mechanism available in WAP-enabled phones (Andersson,
2001a).
In addition, the service “HotTips” and warnings about users’ tour plan
require a mechanism that enables providers to send data to users. This can
already be done through a technology called “PUSH”, which is a WAP
resource that resembles SMS messages, but offers a better user interface for
manipulating data. It offers the additional benefit of longer content because
messages are not restricted to 160 characters as in SMS messages. After
receiving a warning about a “Hot Tip”, for example, users would set up the
mobile site to access new information (Ryberg, 2001). Alternatively, it
could be done through EMS when they became available.
6.3.3 COMMERCIAL POSSIBILITIES AND COSTS
A decentralised configuration, as described above, would decrease
the need for large memory and processing capacity on end-users’ devices
but it would require better network connections and a powerful server, what
would increase the costs for service providers. Sponsorship from companies
that used the service to advertise their services and products could cover
part of these costs. The section “HotTips”, for example, could represent a
source of income to keep the service going. Companies would also have to
contribute to have information about them available on the web and mobile
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sites. The implementation and maintenance of Mobile Guide should perhaps
be coordinated by the local tourist authority that, as an institution aimed at
serving tourists, would confer more credibility to the service.
Users could be asked to pay directly or indirectly part of the costs of the
service. However, although it is difficult to foresee how much users would
be willing to spend to access the Mobile Guide, one can not expect that such
a service could be successful with high tariffs.
As the service would probably not be viable with the current GMS
connections and has to wait for a broader adoption of new technologies like
GPRS, users would pay for amount of data traffic to and from their mobile
phones. In this case, the incorporation of a web site in the service would
make it cheaper for users. When users build a profile or make customisation
options, they indirectly reduce the possibility of receiving unnecessary and
undesired information, what could increase their traffic and, consequently,
the cost of using the service.
The fact that tourists have cell phone accounts in the countries where they
come from makes the cost issue even more complicated. The reason is that
it is still very expensive to access local telephone numbers or service
providers from a mobile phone with a foreign account. Sutherland (2000)
reports a series of surveys carried out by INTUG (International
Telecommunications Users Group) in 1999 and 2000. The organisation
gathered comparative data on charges of international roaming (the ability
to use cellular phone abroad) in Europe. The results showed price variances
of two to ten times for the same or a similar call depending on the
telecommunication company used.
In 2000, if an Irish tourist with an EirCell subscription called from Denmark
to Ireland through Sonofon, he would pay about EU 0.6 per minute. These
figures may vary according to what time and day of the week the call is
done and it is possible to choose to call through a network that offers lower
tariffs, but most users do not know how to do it. However, even the lowest
tariffs for this kind of access can be above what users would be willing to
pay. If that same tourist had an Esat Digifone subscription in Ireland and
called through TeleDanmark, he would be charged approximately EU 0.4
(Sutherland, 2000).
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For this Irish tourist, accessing a service like the Mobile Guide would be
even more expensive because he would be charged not only for accessing
Ireland from the local network but also for being redirected from Ireland
back to Denmark. A study conducted by the Danish National Telecom
Agency reveals that Danish subscribers can be charged more than EU 1 per
minute to make local calls when in another country (Telestyrelsen, 2001).
There is a hope that GPRS will make mobile Internet services cheaper for
tourists. In addition, network companies are under pressure to change their
policies and establish international alliances in order to offer cheaper
Internet access to mobile users, especially because there is no technical
reason to prevent them of doing so (Krøyer, 2001).
There are, however, alternative solutions to the price issue. One of them is
hiring mobile phones to tourists, who would pay a deposit to use a device
while visiting Copenhagen and would have most of their money back when
leaving the city. The service could, for example, be offered in hotels that
would more easily control loans and delivery of devices. There already exist
companies hiring cell phones in several parts of the world [12]. One of these
companies, from the United Kingdom, promises that their daily price is
lower than a 5-minute call on a phone using international roaming mode
[13].
The disadvantage of hiring devices it that people would not have personal
information such as personal telephone list and bookmarks on the hired
device. In addition, they would have to learn how to use a device that would
probably be different from their own.
The problem of personal information could partially be solved by the
profiles that users would be invited to make. When tourists call the mobile
site of the service and provide a username and a password, they would not
only have access to their tour plan and customisation options but also to
some other piece of information like telephone numbers and bookmarks that
they had previously selected to be accessible from abroad.
Another possible solution for the price issue is that SIM (Subscriber Identity
Module) cards become more flexible and user friendly. SIM card is a
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removable computer chip set in a GSM phone that contains information
needed to identify a subscriber when connecting to the network. All
personal information for a user, such as their phone book, is contained
within the SIM card in the back of the phone. This card can also store
programs for certain applications and services and it is technically possible
to integrate SIM functions to the mobile Internet to create and improve
interactive services (Wieland, 2001).
In the case of Mobile Guide, tourists could buy temporary SIM cards while
abroad. These temporary cards would connect to local networks using local
tariffs and could contain general functions, menus and graphics to be used
when accessing the Mobile Guide site. This option would require that users
consider removing and installing SIM cards an easy task or that they
obtained assistance in learning how to switch over the cards in the places
where they had bought them.
This solution brings again the problem of personal information, since users
would miss all the personal information they had stored in their original
SIM card. This could as well be partially solved by the profiles that users
would be invited to make, although the problem would be much less
significant for handsets that can hold two SIM cards at the same time. Users
could use the temporary card while accessing the Mobile Guide and making
local calls and turn to their original cards when it were necessary to get
personal information [14].

6.4 PROTOTYPE ON WAP
In order to illustrate how the ideas exposed in the concept of Mobile
Guide could be organised and designed, I developed a prototype on the
WAP platform. The prototype simulates the interface of a service with a
location-aware system being used by a tourist located on Kongens Nytorv, a
square of historical and cultural importance in the centre of Copenhagen.
This square is situated between two other important points of tourist
concentration - the pedestrian streets Strøget and Nyhavn.
Not all ideas presented on the overall concept are shown, partially because
of the limitations of the current version of WAP. In some cases, I had to
adopt design solutions that did not correspond to what I initially had
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planned due to the limitations imposed by WML and the device. I will
return to this issue in Chapter 7.
Before the development of the prototype, I analysed WAP sites that have
been developed to assist tourists, travellers and wayfinders, such as the one
maintained by the local official tourist bureau - Wonderful Copenhagen [9]
– and other sites mentioned in section 4.1. Other information materials
distributed by Wonderful Copenhagen were also used as a reference to
decide about labelling, subjects that should be covered, etc. In addition, the
organisation’s logo was employed to inspire the picture used in the opening
page of the site.
6.4.1 WIRELESS MARKUP LANGUAGE
Before describing the prototype in detail, it is important to have an
overview of the Wireless Markup Language (WML), an element of the
WAP Application Environment (WAE) employed to develop Internet sites
on this architecture. Other two important elements of this environment are
WMLScript (scripting language used to programme mobile application) and
WTAI, which have not been employed in the development of this prototype.
WML was developed by the WAP Forum to specify content and the user
interface for narrowband devices (Nokia, 2001b). It is based on the
Extensive Markup Language (XML)5 and is similar to HTML. It uses, for
example, the HTML standard of naming content by using URLs.
Information in WML is organized in decks and cards. A deck is comparable
to a HTML page and is identified by a URL. WML supports the use of
variables to change the content and characteristic of a card or a deck and
mechanisms for user input such as entry fields and choice lists. However,
each device manufacturer determines how these input mechanisms are
presented and how users interact with them. WML also supports basic text
formatting (bold, italic, emphasis, underline, size), tables and images, but
not all devices can show these options (Mann and Sbihli, 2000).

5

XML – An World Wide Web Consortium (W3C) standard for defining programming and
content-delivery languages to be used on the Internet.
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In the next section, when necessary to understand the prototype, I will
mention other WML features.
6.4.2 DEVELOPMENT
The prototype was developed on Nokia WAP Tool Kit 2.1, software
offered free of charge by Nokia [15] that contains tools for editing WML,
WMLScript and WBMP images and for displaying the code result on a
mobile phone simulator. The Tool Kit provides simulators of different
devices, among them the phone Nokia 7110.
A real Nokia 7110 (Figure 3) was used to test the prototype that was
installed on IT University of Copenhagen’s server (see more details on how
to access and use the prototype on Appendix attached to this work).
6.4.3 SITE DESIGN
Figure 4 shows the overall organisation of Mobile Guide prototype.
In the next pages I describe some of the main features of the prototype by
going through the main menu options.
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Soft keys – they
have variable
functions that are
indicated in labels
shown on the lower
corner of the display.
They control
”Options and ”Back”.

Number keys
– for number
and character
input.

Navi Roller key used to
scroll and select, save
or send items by
clicking the roller.

Figure 3 – Nokia 7110 model used to test Mobile Guide prototype and
button layout of a WAP session.

Homepage
The first time the site is accessed, an
introduction page containing a picture
welcomes the user. Automatically, the next card
of that deck shows that the device’s location is
being identified. This deck is not shown again
unless the session is closed and reopened. The
next deck with information about location is
also shown automatically.
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Mobile Guide (9)
Here users are informed where they are. As the
location information is not given automatically,
users need to choose “<refresh>” to update it.
The deck notifies date and time of a location as
a way of making sure that users do not think
they are in a place that they have already left.
This deck is also a kind of gate to the several
options given by the service.
To minimize the difficulty of reading a list of
topics while in movement, I decided that all the
lists of topics would have numbers. In this way,
the figures would guide the eyes while reading,
helping users not to get lost when scrolling
down the options. The same procedure was
adopted in the whole site. Below I explain each
of the menu options.
1-Map & Info
The option “Map & Info” gives users a
schematic “You are here” map that shows the
surrounding area where they are. The numbers
on the map indicate landmarks and tourist
attractions and correspond to the numbers given
in the list that follows the map.
The idea is that users can always see
geographical information on a map. All maps
displayed should have numbers to indicate the
landmarks. The maps on display are stored on
the site’s server but the numbers are
dynamically assigned and refer to different
landmarks, depending on the user’s location.
This prototype shows only two map scales.
“Zoom out” refers always to a general map of
the city centre. This was done as an example

61

and more scales might be necessary.
1-Map & Info | 4-Royal Theatre
When selecting a landmark indicated on the map, users can obtain
information about it. As the Royal Theatre
(Det Kongelige Teater), most landmarks
would have a graphical representation whose
main function is linking the information
presented on the site to the external
environment. This representation provides an
additional assistance in the task of orientating
themselves if, after looking at the map, they
are still unsure about where they are. In
addition, they can obtain information about
that specific sight.
From decks regarding a specific sight, there
should always be a telephone number that
tourists can ring using WTAI to get more
information or book services.
Decks about sites give opportunity for users to
send an electronic postcard as an SMS
message or ask the server to send it as e-mail.
If they have already visited that place the deck
refers to, the user can add it to her “Travel
Diary”, which registers the sights visited by
the user. If she is still planning her tour, she
can add the name of the sight to a list that
helps her to plan it (“Tour Plan”). The
information about both “Travel Diary” and
“Tour Plan” is sent to the server’s site, which
stores it on user’s profile.
People can, in addition, rate and make comments about the sight they have
visited and read other users’ rating and comments as well. Finally, through
the “Wayfinder” option, it is possible to find the way to a place from having
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the current location - in this case the Royal Theatre - as default starting
point.

2-Near you | Near attractions
This link gives a list related to sights and
services that are located near the user. From
there users choose what kind of information
they are interested in. In the case of selecting
“1-Attractions”, they access a list of the
sights that are nearby, ranked according to
distance. Further information about the sights
is accessible from “Near attractions”.

3-HotTips
“HotTips” are news and announcements related to services, products and
attractions that may interest tourists. They should be regularly updated and
new content can be automatically sent to users if they want so (see
“Personalise” below).
4-Travel Diary
This is another way of accessing “Travel Diary”. From here the can see the
history of their tour and add comments or new sights to it.
5- Your Tour Plan
Another way of accessing “Tour Plan”.
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6 – Wayfinder
The “Wayfinder” gives route descriptions to
assist users to find their way to a place. It can
show a route on a map, indicating where the
user is. This is aimed at helping users to be
sure that they are on the correct way. This
kind of map was not developed in the
prototype but it could, for example, use
arrows to indicate a route.
If users write wrongly or partially the name of
a place, they should be given multiple
answers that approximately match the
information typed. Thus they could choose
the answer they believed that was the one
they were looking for.

(…)

7- Every where in town
It gives a list of options related to sights and
services independently of location.
8-Dictionary
“Mobile Guide” would offer a basic dictionary especially aimed at tourist
needs.
9-Search
This is a search engine that covers all the decks that belong to the “Mobile
Guide”.
Options
As already mentioned, the telephone’s
browser’s has the “Options” menu on the left
as default. Under it, users have some macro
navigation options such as reloading of the site
content and general settings that are part of the
phone’s configuration. To these options I have
added three other topics - “Language”,
“Personalise” and “About Mobile Guide”.
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Placing these three items under “Options” is a means to avoid overloading
the site’s front page and to make its topics accessible from any point of the
site.
The Mobile Guide should offer as many languages as possible since this can
affect users’ ability to find their way.
Options | Personalise
“Personalise” gives users different alternatives
to adapt the service to their preferences. They
can opt for receiving information in audio
format, choose whether they receive “HotTips”
automatically and exclude some subjects from
the list of “HotTips”. It is also possible to ask
to be notified about incoming “HotTips” and
about the proximity of a sight included in the
user’s Tour Plan. They can, in addition, choose
how to be notified – if by a ring tone or
vibration.

(…)

6.5 SCENARIOS
The three scenarios below are intended to illustrate the concept of Mobile
Guide. As they are imagined as future scenarios, it is assumed that network
connections are optimal and the device screens allow display of maps with
more resolution and details. In all situations, users access the site from their
own mobile phones.
Amanda wants some fun, and a toilet
It is Friday evening and the Conference that Amanda was participating in
the last two days is over. Now she is back to her hotel and has the whole
weekend to enjoy Copenhagen, a city that she had visited before due to his
work but that she does not know very well. The problem is that she neither
has friends in the town nor have any idea about what to do the next two
days. With the Conference’s information material she received a brochure
about a mobile Internet site, called Mobile Site, that provides locationrelated information for tourists. She decides to check it.
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After opening the site and identifying her own location, she clicks on the
“HotTips” link. She reads a note about a jazz concert that should start in an
hour minutes in a pub not very far away from her hotel. She asks Mobile
Guide to tell her how to go to the pub. She reads the route descriptions and
examines a map that shows the way to the concert venue. She still has
plenty of time but she decides arriving before the concert starts. Who knows
she can find someone to talk with while waiting for the concert?
Amanda really found someone to talk with while waiting for the concert.
And the person was so interesting that she did not even think about going to
the toilet before leaving the pub. She is now on the way back to the hotel
and is not sure she can wait until she reaches it. Suddenly she remembers
that there was something about toilets on Mobile Guide. She opens the site
and – yes – under the option “Near you”, there is a list of three public toilets
that are open 24-hour a day. She chooses the one on the top of the list,
which is the nearest one. She gets a route in the “Wayfinder” option and
looks the way she has to go on a map. Well, now that she knows the way,
there is no time to lose.
Poul plays safe
Every time Poul visits an unknown town, he tries to get as much
information as possible about the place before travelling. He thinks that
knowing beforehand something about the place he is going to makes the trip
more satisfying, less stressful and safer. So, the first thing he did when he
decided to go to Copenhagen was checking the Internet for information
about the Danish capital. He was very pleased to know about Mobile Guide
- an electronic tourist guide organised by Copenhagen’s tourist bureau that
can be accessed through a mobile phone.
In the web site, Poul made a profile in which he gave the site his mobile
phone number. He provided as well names, numbers and e-mail addresses of
friends and family members who he would like to send an e-postcard to. He
also organised a Tour Plan that included the places he did not want to miss
during his three-day stay in the city. In the “Personalise” menu, he chose
not to be automatically notified about “HotTips”. Besides, he opted for
receiving a warning every time he got very close to a tourist attraction that
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was part of his Tour Plan and that he hadn’t visited yet.
As soon as Poul arrived in Copenhagen, still in the airport, he got a printed
map that was part of the Mobile Guide’s set of materials. Now, after living
the train that brought him to the city centre, he asks Mobile Guide for
directions. He is given a route and a map, where he can see his own position
in relation to the chosen route.
He leaves the station and walks for some minutes, but soon he has a slight
impression that he had done something wrong. He believes that, somewhere
where he should have turned left, he actually turned right. Still walking, he
checks again his position in relation to the route. The service informs that he
is on the right direction. He doubts the accuracy of Mobile Guide’s
navigation system and stops for a while to examine the printed map he had
got in the airport. What makes him confident that he is on the right way is a
street signal indicating that he is in front of the Circus Building, what is also
shown on the printed and electronic maps as landmarks. He then starts
walking again. He wonders if he should not have trusted the mobile site and
not wasted time to check the printed map. But it was, anyway, good being
certain about the way to go, he concludes.
With love, from Claire
It is the first time that Claire visits Copenhagen. She is staying with a friend,
Sarah, and plans to enjoy some days of her summer holiday in the Danish
capital. It is Friday morning and she would like to go for a walk in the city
centre. Unfortunately, Sarah has to work and cannot guide her.
In another situation Claire would feel a little anxious because she does not
like asking people for directions and hates going around with a heavy tourist
guidebook. But Sarah told her about a mobile Internet site with a tourist
guide service that she can access from her mobile phone. Sarah gives her the
site’s address, which she saves in the list of bookmarks of her mobile phone.
Sarah drives her to Strøget, a pedestrian street from which she can easily
walk to other tourist attractions. After walking for a while, she reaches a
large square. She believes that it is the famous Kongens Nytorv and, to be
sure, she decides to test the mobile tourist guide. The site informs that she is
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really at Kongens Nytorv.
Claire walks to the centre of the square to be able to browse a bit more
without worrying about the traffic. Then she selects a menu option that
shows her a small map of the square. She is amused to realize that she is so
close to Nyhavn, a canal that she had many recommendations about. While
walking to Nyhavn, she reads a text about Kongens Nytorv and finds out
that she can send an electronic postcard of the square as a SMS or an email. She sits at one of the square’s benches and writes a short note attached
to an e-postcard to Sarah’s e-mail. She believes that her friend will find it
very funny that she is already an active user of the Mobile Guide.
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7 DISCUSSION
Location-based services have been proclaimed as the kind of
application that will make the mobile Internet widely used around the world.
As exemplified in this work, there are already companies offering services
under this denomination.
Nevertheless, I believe that most of these companies are looking at the
problem with a mistaken approach. In general, the services that these
companies offer are aimed at helping people to find ways to places but they
do not make much use of the position where people currently are to provide
relevant information. In other words, they provide information that help
people to navigate from one place to another but they do not assist people in
trying to find out what can be relevant for them at their current time and
position.
I do not mean that such services do not have value. They do have since the
technologies in this area are emerging and we are still learning their
possible uses. Despite that, I believe that they are looking at location-based
services with a very restricted approach when they do not emphasize the
character of immediacy that must embedded in mobile Internet services.
They look at location-aware applications as if they should work as a
compass, when, in fact, it should be much more than that.
In my opinion, when analysing how to approach location-based services, we
cannot overlook the role that the devices used to access them have in
people’s lives. Mobile phones are becoming an everyday personal object
that a large part of the world population has in their pockets or handbags.
While on the move, people normally do not bother to carry things that do
not have a practical use. They carry coins to buy a bus ticket, sunglasses,
personal documents, credit card and something that allows them to keep in
touch with work, family and friends. A time ago this communication was
enabled by coins, which more recently were replaced by phone cards. In the
last years we have been seeing people using more and more mobile phones
to meet this need.
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I do not doubt that people are pleased by the possibility of being benefited
from the convergence between mobile telephony and the Internet. It gives
extra value to an object that they are getting used to carry anyway. This
familiarity may even represent an advantage for designers and content
developers since people may be more willing to learn new functionality in a
device that, despite containing computer technology, is not perceived as a
computer. The fact that people do not feel very inhibited by the small and
handy handsets may even have positive consequences in the learning
process of an application.
Nevertheless, the key word in this possible appreciation and receptivity is
value – users need to see that this convergence has an extra value otherwise
they will not be willing to pay the extra costs that it may imply.
I am convinced that location-based services can work as a sort of trigger
that adds this extra value that can convince people to acquire Internet
enabled phones. This kind of service can provide people with relevant
information that enables them to solve problems or satisfy demands that
have to be solved or satisfied immediately, while they are where they are.
Location-based services can give people pieces of information that probably
would not have as much importance if they were not on the move. When at
home, knowing where to find a vegetarian restaurant does not have so much
meaning for a person who does not eat meat. But, in an unknown town, this
simple piece of information can become precious.
Thus, to location must be added information that enhances the value of
geographical data. For motorist drivers, for example, it is important to know
that they are close to a car park, but this geographical information gains
much more value if they are notified whether the car park has some vacant
place.
The value of pieces of information based on geographical position is
relative and depends on user’s location. Knowing that there are still tickets
available for a concert that starts in five minutes does not have much value
if the user is on foot and a 30-minute walk away from the concert’s venue.
When I refer to value, I do not mean only that related to practical needs.
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Inclusive because of the character of being on the move, I think that the
value of a mobile application must, very often, rely on satisfying demands
that have to do with pleasure, to enjoying life. People go out and travel
because they need it, but in some occasions they do it in search of pleasure
and fun.
The whole concept of Mobile Guide is rooted in these considerations. I have
tried to think of a site that gives users possibility of enhancing their
perception of the place and time they are currently living. This is why the
first page informs users where they are and, based on that, give them chance
to know what is nearby. The possibility of knowing what else is nearby
gives people better understanding of how space is organized. It certainly
enhances the personal experience that visiting an unknown town means. In a
way, their mobile devices can augment their physical world by connecting
them to the virtual world.
As the same place has different meanings for different people and,
consequently, creates different expectations, it is necessary to build different
applications that satisfy specific needs. A Copenhagen inhabitant perceives
the walking street Strøget differently from a visitor. For that local
inhabitant, it may not be necessary to start a location-based service saying
where he his because he already knows it. But he may still be interested in
knowing that a department store close to his location is on sale.
Because of the character of mobile users’ needs, location-based services
need to provide immediate or, at least, very quick responses and
continuously updated information. The current technologies and structure
do not offer yet what one may regard as ideal conditions for that kind of
service. Though it is just a matter of time before the operational conditions
are in place, networks still lack bandwidth and handsets neither have
enough processing power nor memory.
Thus, it may sound sensible to wait for better structure and more
sophisticated technologies that will allow providing the richest locationbased multimedia experience a user can ever think of. However, this
apparently sensible approach raises another question. What is sufficiently
sophisticated for the development of a good location-based service?
Technologies like GPRS and UMTS may be an answer but it may take years
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before ordinary consumers can afford to pay for them. And then it may be
too late to attract consumers who may already be customers of competitors
that overlooked the initial technological limitations.
This is one of the reasons why I am convinced that content providers should
take advantage of the existent structure to learn what appeal to users and
what they feel comfortable with. In addition to that, I believe that a good
location-based service does not necessarily depend of sophisticated visual
displays and multimedia possibilities. Plenty of such resources are naturally
desirable but they can be contra productive in a tool that provides location
information. In the real world, very elementary drawings can become
powerful tools in the task of helping people to find ways and represent
spatial information.
In this kind of service, more important than sophistication of the graphical
output is how the information on display represents the input from the real
world in a form that is understandable and useful. Too much bias towards
graphical output at the expense of input from the real world can even
confound and disturb interaction.
Besides that, technological sophistication is not a guarantee that a service or
product is going to be largely accepted and used by consumers and there are
many reasons for that. The explosive success of SMS in Europe and of imode in Japan gives evidence of that. They show that consumers can forget
the cumbersome of looking at very small screen and typing number keys if
they see usefulness and enjoyment in what is offered through the device.
For that reason, WAP can be a valuable tool in the process of learning
which concepts and interaction possibilities are adequate for location-based
services. It can help designers and content developers to learn how to deal
with the many constraints imposed by handsets and mobile environments.
Some of these constraints are precisely those features that make devices
valuable from users’ point of view, like size.
In the case of the prototype described in this work, for example, using WAP
as a tool makes it possible to access the Mobile Guide on the geographical
context where it should be used, what provided invaluable insights into how
to solve some usability and content-related issues.
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By employing WAP, it is possible to learn immensely about how people
react to features of location-based services that do not necessarily depend on
technological sophistication. It can help, for example, to learn about how
they react to the integration of spatial cognition and wayfinding knowledge
in a mobile service. As WAP is already available, it is possible to observe
users’ behaviour in the context of use without large investments.
Although the further development of Mobile Guide would also require a
more accurate profile of the target group, users could help to clarify issues
about content and usability in a test with the existent WAP prototype.
Besides a user test to analyse questions more strictly related to usability, the
prototype can also be employed to guide and stimulate discussion in focus
groups organised to know consumers’ opinions about location-based
services.
In the remaining of this section, I discuss some of the issues that could be
addressed in one of the two methods – user test and focus groups.
Users interest
A user test followed by interviews could contribute to ascertain tourists’
interest for this kind of service. It would be interesting to hear, for example,
what they think of accessing the Mobile Guide in a social context and if
they are afraid of that it decreases possibilities of making personal contact
with other people. Although opinions are not definitive and many times can
even contradict consumer patterns, they can anyway indicate preferences
and help in the decision process about content and interaction possibilities.
Privacy
The integration of positioning systems with portable devices facilitates
interaction since users do not need to provide information about their
location. This feature introduces the possibility of providing automatic
information to users, but it also means that networks and content providers
will be able to constantly know where their customers are. This possibility
has caused some anxiety in people who are afraid of having their privacy
violated. It would be interesting to know people’s opinion about this matter.
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Ease of learning
The Mobile Guide is targeted on a very wide public who do not access it
routinely. In this situation, ease of learning must be one of the main
requirements in an evaluation process. A user test could check the
understand ability of the labelling that is proposed in the prototype.
Customisation x generalisation
The prototype gives many options for customisation that may be contra
productive and make the service more difficult to use. Thus it could be
relevant to find out how much of this customisation is desirable and how
much is dispensable.
Another issue is how to offer customisation possibilities. An alternative, or
maybe a complement to the list of customisation options, as proposed in the
prototype, is giving people chance to fit themselves in short-term profiles.
These profiles would summarize their interests for a certain period. In the
case of the Mobile Guide, tourists could fit themselves, for example, in a
“Historical” profile. This mechanism would adapt the service in such a way
that information about sights of historical relevance would be prioritised in
answers to queries from people with that profile.
Response time
This is a crucial issue for WAP services response time: how much people
bother to wait for a page to open while they are moving. According to
Nielsen (1993), in the case of fixed computer systems, 0.1 second is about
the limit for having the user feel that the system is reacting instantaneously
and 10 seconds is about the limit for the user’s flow of thought to stay
uninterrupted.
I suppose that people in a mobile situation are less patient and expect faster
response times. By way of illustration, I registered the response times of
some Danish sites in different periods of a working day and compared them
to the ones obtained by Mobile Guide, as showed in table 3. I registered
only the period that resulted in successful response and disregarded the
numerous times that I did not get connection to a site.
The average time was actually shorter than initially assumed and would be
regarded reasonable if compared to desktop applications but it may still not
be sufficient to satisfy mobile users. In a real situation, if users had to wait
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more than 10 seconds to open a site, it would not be surprising if they gave
up using the service and asked nearby people for directions.

Opening site
Mobile Guide
Krak [Fejl!
Ukendt
argument for
parameter.]
Woco [Fejl!
Ukendt
argument for
parameter.]
Visit DK [16]
Kulturnet [17]

Accessing internal decks

Morning

Afternoon

Evening

Morning

Afternoon

Evening

15
20

15
9

15
8

5
5

6
7

6
4

5

5

5

5

4

5

4
5

5
5

15
5

5
6

4
4

4
5

Table 3 - Average time need to access WAP sites and receive response to a
query or to open an internal deck (June 2001/in seconds). The averages result
from three attempts.

Resolution of graphical information
Maybe current devices and WAP configuration do not provide the necessary
resolution for the usage of maps to represent geographical information on
small displays. However, as said before, analogical representations should
not be very close reproductions of the real world because the application is
not supposed to compete with it for users’ attention, especially in the case of
tourist guides.
Although the maps should be seen more as sketches than as final works,
they are very close to what is possible to do under WML limitations. The
ideal solution for this situation would be linking each number to information
related to the landmark it refers to. As WML does not allow image maps, I
have listed the names of the places that the numbers refer to.
However, there must be a limit for how simple a sketch can be and still
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work efficiently as a navigational tool or as survey instrument. Maybe this
boundary cannot be achieved with the tools provide by WAP, but user tests
and iterative design, preferable with the collaboration of map designers,
should answer this issue.
Landmarks
Another question related to analogical representations refers to use of
drawings that should be employed to indicate landmarks. Their efficiency as
orientation cues should also be checked with users.
Interest for interaction
A content issue is related to users’ interest in interacting with this kind of
service. Mobile Guide’s prototype assumes that people would be interested
in rating services and attractions and, eventually, in making comments that
could be seen by other users. However, one cannot be sure that tourists
would bother to participate in this kind of activity and, even if they do so,
that they would spend time writing comments with the keypad of a mobile
phone. Perhaps, providing access to evaluations made by sources that
tourists regard reliable would be seen as more useful than comments from
other tourists.
Text reading while moving
Although interaction is frequent because of the small displays, users should
not be obliged to look at the screen all the time. Therefore, I believe that
paging may be preferable to scrolling when a long list of options is given.
When paging, users get a new chunk of information after selecting a next
page, while when scrolling they get only one new line of content per
selection. It seems that more attention is dedicated to look at the screen to
discern a single new line than scanning the whole content of a new page. In
the case of accessing a WAP with a Nokia 7110, it takes 10 scrolls
(correspondent to 9 key pressings in other devices) to see a deck that
contains 10 lines of text. But it would take only 3 clicks to see the same
content if a paging solution were adopted.
Paging may have another advantage. Pressing a key for a new page is an
almost automatic action that does not require cognitive load. While pressing
and waiting, even if only for a second, users can have the opportunity to
quickly look around, what can be very important if the environment requires
a lot of attention.
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In the design of Mobile Guide, I initially intended that, as a rule, the lists of
links were given in chunks of four or five topics and at the end of each
block there would be a “next” option to go to the following card. Each block
would more or less correspond to the length of a screen, so when the reader
wanted to go to the next screen, he would have to chose “next” instead of
scrolling the page down, what can be confusing while walking. But this was
not possible due to Nokia 7110’s configuration.
The telephone’s browser’s has the “Options” menu on the left as default.
Accessing the “Options” with the left soft key, gives a list of macro
navigational alternatives. I so made use of that “Options” by adding
alternatives specific of each site to it. It would be necessary to check how
this solution works in other devices.
Audio output
Another issue that was not developed in the present prototype but whose
development would also be possible with the current technology is the use
of sound as a way to opportunity to notify users without distracting too
much their attention. A quick ring tone can, for example, warn users that a
new piece of information is available. Only if they wanted to see the content
of the updated information, they would look at the screen.
Hearing the ring tone or feeling the vibration does not require users to stop
what they are doing but this possibility should be examined with care
because it could have consequences in users’ social interaction since sound
can disturb other people.
Another alternative also suggested in the prototype but not implemented
was that users could receive spoken instead of text information about sights
and services. This also could prevent long periods looking at the screen but
it could simply not work due to noisy surroundings. This is why I believe
that only those utilising headphones would prefer this alternative. In
addition, I would not expect that people want to hold the device to an ear for
a long period, though this should also verified in a user test.
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To conclude, I should say that WAP might not be the technology used when
location-based services become popular, but it may be the one that will
teach us how to develop such services to make them popular.
Looking at all the content usability related questions raised by the
prototype, one may think that it has worked more to raise questions than to
answer them. It may be true, but it is also true that it has given opportunity
to be surer about which questions are relevant and which are not.
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8 CONCLUSIONS
This work has discussed the provision of location-based services on
the mobile Internet. It started by analysing the present situation of the
mobile Internet around the world, with particular attention to the market
acceptance of different services and the perspectives created by future
technologies.
In search of guidelines for the design of mobile Internet services, this work
has reviewed the concept of context. Because of the unique feature of
mobile applications, that they are supposed to be used while users are in
movement and can be aware of their own geographical position, I have
concentrated the focus of this work in one of the elements of context –
namely location. Therefore I have analysed how disciplines related to space
and studies about small displays can contribute to improve interaction and
enrich content.
Based on different sources, I have proposed a framework that outlines
principles for the design of location-based services. Such principles were
used as the main reference in the development of the concept of Mobile
Guide, a service to provide tourist location-based information and for the
construction of a WAP prototype to illustrate that concept.
I have also discussed what location-based services can mean for consumers.
I have as well argued that technological sophistication cannot be seen as a
condition to the necessary learning process that is needed towards the
development of adequate services. Based on that, I have claimed that WAP
can be a useful platform for testing concepts and interaction possibilities for
this kind or application.
Despite their tentative character, the framework and prototype suggested in
this work have indicated that context, spatial cognition and wayfinding
studies, combined with research on small displays, can actually enlighten
the process of designing for location-based services. The need for different
representations of space, which can seem only a matter of preference,

79

assumes another dimension when we learn, for example, that there are
people who have cognitive difficulties to understand maps.
Thus, the development of services for the mobile context has to take into
account the relationship between device and user, between user and the
environment and between user and other users. It requires a
multidisciplinary approach that considers all these relationships to try to
understand how people interact under multiple constraints.
It is also important to point out that even the consideration of all pertinent
scientific and behavioural guidelines is not enough to ensure that consumers
will use an application. Guidelines can decrease risks and avoid repetition
of mistakes already identified but people are not as predictable as some
might wish and do not always react according to such guidelines. Therefore
successful applications also depend on inventiveness and professional skill
to identify what may appeal to users.
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APPENDIX
Instructions for online access
Mobile Guide prototype is also accessible until 1. September 2001 on the
following address:
http://www.it-c.people/margareth/cityttour/
This site can be accessed with a WAP-enabled mobile phone. It can as well be
seen on the web, although it requires the installation of a WAP browser. The
CD-ROM attached to this work contains a file that enables the installation of a
WAP browser, as explained below.

Instructions for use of the CD-ROM
The CD-ROM attached to this work makes it possible to see the Mobile Guide
Prototype in a local drive. It contains Nokia WAP Tool Kit, which has a
browser that is necessary to open the prototype, and a simulator of the mobile
phone Nokia 7110.
The files necessary to install Nokia WAP Tool Kit and the simulator are,
respectively, under the folders Nokia/toolkit and Nokia/simulator.
It is possible to see the prototype in two phone simulations – the Nokia 7110
and BluePrint (default). The BluePrint shows text formats that cannot be seen
on Nokia 7110.
The prototype was developed to be tested with a Nokia 7110. To choose the
simulator of Nokia 7110 after opening Nokia WAP Took Kit, follow these
steps:
Toolkit – Select Device – Nokia 7110(Sep 2000)
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The whole content in the folder citytour has to be transferred to a local drive,
otherwise it cannot be opened.
The starting page of the prototype is accessed by opening the following file:
citytour/cl1main.wml
Opening the file does not automatically activate the WAP browser. It is
necessary to open the WAP Tool Kit and follow these steps:
File – Open – (file name) - SHOW
From that point it is possible to browse the site by using the phones simulator’s
keys.
Very often the 7110 simulation can get stuck and does not respond. Use the left
button of your mouse and press Reset to restart the simulation. Sometimes it
does not work and it is necessary to close and reopen the programme.
Additional guidance and information can be found on Nokia WAP Took Kit,
under “Help” menu.

