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Abstract. Agent technology includes many possibilities to improve the usabil-
ity of network services. However, agent technology also introduces new kinds
of usability challenges and even threats. There is not yet very much experience
of the human factor issues in agent technologies. This paper surveys current re-
search results and analyses where agents can improve usability and where they
may cause usability threats. The results are summarised as usability design rec-
ommendations for agent-based services.

1 Introduction

Our current computer environment is getting more and more complex. At the same
time the applications and services are increasingly targeted at the general public. The
users are a heterogeneous group, in which the abilities and level of the knowledge
varies a great deal. The number of tasks to take care of and the number of issues to
keep track of is growing continuously. These issues can be coped with by making the
software more personalised and by letting the software take the initiative in helping us.
Software agent technology provides solutions to make complex systems more usable.
The agents provide the users with extra eyes, ears, hands or even brains [4] [7] [12]
[16].

On the other hand, several researchers have drawn attention to the possible usabil-
ity threats that agent technologies may cause. The users may have difficulties in un-
derstanding the complex functionality of the agents. The users may lose control over
their autonomous agents and their mobile agents may escape from them. Who is re-
sponsible if the user loses control of her/his agent? We have to be aware of the human
factor threats that the adaptation of agent technologies may include [3] [4] [5] [6] [7]
[9] [11] [18].

This study has been made by the USINACTS project of the European ACTS Tele-
communications Research Programme [1]. The aim of the USINACTS project is to
support and train other projects in usability issues. An important part of the training is
to introduce usability design guidelines to the designers of new services. USINACTS
has collected and analysed information on usability issues in new technologies and
paradigms like virtual reality, speech interfaces, mobile applications and so on.

I/1

Petitioner Samsung Ex-1033, 0169



In this paper I present usability design recommendations for agent-based network
services. Agents are also common in user interfaces and in automation systems, but
these fields have been left outside the scope of this study. I hope that this study will
inspire the designers of agent-based services to give us feedback and further practical
experiences of the human factor issues in agent-based services.

This paper first discusses the application areas where agents can be utilised. Then I
describe some key properties of agents and describe the usability threats that these
properties may cause. In many services, the agents collaborate with human beings.
Agents are also often used to personalise services. These two issues are discussed in
the next chapters. Error situations in agent applications are often complicated and
difficult for the users to deal with. A separate chapter is devoted to error situations and
how to handle them. Finally, the paper summarises the results as usability design rec-
ommendations for agent-based network services.

2 Where Can You Find Agents?

Agents are already quite common on the Web. Web agents can search for news that
the user might be interested in or help the user to navigate the web [11]. Web agents
can act as a filter in the retrieval of relevant information or as a matchmaker between
people with common interests. A growing application area is negotiators, where
agents buy and sell things according to instructions from their owners [2]. Agents can
negotiate with each other, e.g. scheduling a meeting for a user group [23].

The current web applications are typically such that the mistakes, which the agent
makes, are not too harmful. For instance, a newsagent may miss a piece of news that
the user would have been interested in. As long as the success rate remains moderate,
the user probably won’t mind. However, when agents are used, for instance, in elec-
tronic commerce services, any mistakes may cause serious problems.

Different kinds of agent applications can be found in automation systems.  Agents
can be utilised in medical systems, e.g. monitoring different sensors, analysing the
results and presenting conclusions to the medical staff. Agents can also be found in
power plants, aircraft auto pilots and flight controls, network management systems and
military control systems.

In these automation systems, the agents must be very reliable, especially if the
agent is not only monitoring the system but also controlling the system or parts of it.

This study concentrates on agent-based network services. Automation systems as
well as pure user interface agents have been left outside the scope of this study.

3 Properties and Usability Threats

Agents as a concept have raised a lot of fear, horror scenarios and extravagant claims
[4] [5]. The developers of agent based services often seem to undervalue the threats
and tend to emphasise the advantages of the agents from the users point of view [4]
[12]. The arguments are mostly based on assumptions because there is still very little
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empirical evidence on how well people can understand and control their agents. Will
ordinary consumers be able to program their agents in such a way that the agents
would really reduce the user’s work and information overload? Far more research is
needed on how people experience agents [4] [12] [15].

Franklin and Graesser [8] define the properties of agents as presented in tables 1 and
2. Table 1 lists the properties that are common to all agents. Table 2 lists optional
properties, which produce extensions to basic agents. I have added to the tables an
extra column, where I identify the usability threat that this property may pose.

3.1 Constant Properties of Agents

Property Meaning Usability threat
Reactive
(sensing and acting)

Responds in a timely fashion to
changes in the environment.

Will it spy on me?

Autonomous Exercises control over its own
actions.

What if it won’t obey me?
Who is responsible?

Goal-oriented Does not simply act in response to
the environment.

How do I know how the
agent will proceed?

Temporally
Continuous

Is a continuously running process. What if I lose control?

Table 1 Fixed properties of agents [8]

A software agent is reactive: it is able to take the initiative, e.g. to tell you some-
thing that you need to know but did not know to ask. To be able to be reactive, the
agent has to be able to sense its environment and act accordingly. As well as the envi-
ronment, the agent can sense the actions of the user and thus collect information on the
user. The usability threat in this respect is where will the information be stored and
how will it be used.

An agent is autonomous: it does not only obey instructions but it makes its own de-
cisions. The usability threat here is the limit of its autonomy. The agent may decide
that it knows better than the user what to do. Who will be responsible for the possible
consequences?

An agent is goal-oriented while traditional software is more task-oriented. The us-
ability challenge here is to keep the user informed about how the agent is proceeding.
The user needs to know how things are going but is not necessarily interested in ex-
cess details.

Software agents keep running continuously while the user is doing other things.
The user may totally forget that his/her agent is working on a certain issue. It has to be
assured that the agent cannot do any harm when out of contact with its owner.
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3.2 Optional Properties of Agents

Optional
property

Meaning Usability threat

Communicative Communicates with its user and
other agents.

Will it gossip about me?

Learning Changes its behaviour based on
its previous experience.

How do I know what it is able
to do?

Mobile Is able to transfer itself from
one machine to another.

What if it escapes from me?

Flexible Actions are not scripted. Thus also unpredictable!
Character Has a believable personality

and emotional state.
Will it affect people emotion-
ally?

Table 2 Optional properties of agents [8]

If the agent can communicate with the user, it can better adapt to the user’s needs.
However, as it can communicate with its owner, it may also be able to communicate
with other people or other agents. It has to be assured that the agent knows what in-
formation it can and cannot communicate to others.

A learning agent learns by analysing the user’s operations, receiving feedback from
the user, receiving instructions from the user and asking advice from other agents [15].
In principle this improves the usability of the system. However, it may also cause
usability problems if the user cannot understand the changes in the behaviour of the
agent.

Mobile agents are able to travel in the network and execute their tasks in different
computers while they travel. The user may lose track of his/her agent. It has to be
assured that  the agent cannot do any harm when out of contact with its user.

When the user population is very heterogeneous, flexibility makes it possible to
adapt the user interface and the functionality to the different needs. The agent can also
adapt to different environments, user terminals, networks and network conditions. As
with a learning agent, this property can improve the usability of a system but it may
also cause disorientation if the user cannot understand the adapted behaviour.

Agents may be personified or anthropomorphised, but this is not necessary or even
common. Personified agents may be used to affect people emotionally or even to mis-
lead the users to believe that there is a real person behind them. This kind of system
violates ethical design principles.

4 User-Agent Collaboration

The user and the agent have a collaborative relationship in many applications. To
successfully collaborate with an agent (or anybody else), you have to have a common
goal and an agreed sequence of operations to accomplish the common goal. In addi-
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4.1 User Interface of the Agent

Personified agents can be motivated by the fact that people tend to personify their
computers anyway. However, personified agents strengthen the impression that the
system will be able to take responsibility for its actions and that the system will act
rationally, similar to another human being [3].

Agents need not be personified or anthropomorphised. Personified agents are use-
ful in some applications but they must not confuse users and lead them to assume that
there is a real person behind them. Pattie Maes and Ben Shneiderman claim that in the
most successful interfaces the agents are pretty much invisible [7].

Whenever the agent gets a personality, design decisions on its characteristics and
appearance should be made. Should it be a dominant expert or a humble servant?
Should it resemble a human being or be more like a cartoon character? Should the
characteristics and the appearance be localised to different cultural environments? Is it
necessary to make the personality of the agent adaptable according to the preferences
of different users?

A benefit of a personified agent is that it is able to display the status of the system
by simple mimicry. For example, cartoon figures are able to express many different
feelings by very simple changes in expression or appearance.

Especially in professional applications the question of whether the agents should be
personified deserves careful consideration. Does the personified agent improve the
usability of the system compared to a more invisible solution? Is the personality of the
agent such that the users will accept it as their team-mate?

5 Personalisation of Services

Personalisation is a good way to improve the usability of complex applications. The
user interface, the contents and the functionality can be adapted according to the user,
his/her task, terminal, network, network conditions and so on.

Learning agents detect patterns in user actions and learn from other agents. User-
programmable agents are difficult to set up and artificial intelligence based agents
suffer from a lack of sufficient common-sense knowledge. These approaches can,
however, be used to complement a learning agent. Pattie Maes proposes the following
guidelines [2]:
� the model of the user must be inspectable by the user
� the user needs to understand the method of operation
� users need to be able to control the degree of automation and intrusiveness
� gradual automation works best

The challenge of designing adaptive services lies in finding the best way of ex-
tracting people’s preferences and behaviour, and using this as a basis for adaptation.
Often a dialogue between the user and the system is needed to fine-tune the user
model.

Iterative design is essential when designing adaptive applications. First, we must
identify a problem that can be solved by adaptivity. Then, we have to identify user
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characteristics related to the problem. Then, we have to identify an appropriate adap-
tation technique. Users’ profiles, tasks and adaptations should be identified and im-
plemented incrementally [3] [12].

5.1 User Model

The user should be allowed to inspect and alter her/his user model in the system.
However, the user model is not always in such a form that the user could interpret it
from various parameters and rules. Also in this case, the user should be able to predict
the effects of the adaptivity, and if s/he is not able to fine-tune the model, s/he should
at least be able to turn the model off [12].

”Don’t diagnose what you cannot treat” is a good principle. The user model should
only include the user characteristics that have an effect on the adaptation. If we can
find ways by which the user can control and alter the explanations provided by the
agent so that they fit in with their knowledge, this would probably be a better ap-
proach than making the system guess these aspects of user characteristics and be
adaptive [12].

Most models of user knowledge are unreliable because in real life there are so
many variations in user behaviour. If the adaptive system assumes too rigid and static
a model of the user’s plans and goals, it cannot capture the continuous improvisation
that people are involved in.

Modelling and adapting to the user’s preferences seems to be the most successful
approach so far. Even if preferences are as hard to identify from user behaviour as the
user’s knowledge and habits, we can easily ask the user about her/his preferences. It is
more difficult for the users to describe their knowledge or their habits [12].

An ideal user profile should include information on how the user looks, how s/he
sounds, what s/he knows, what s/he is interested in and what her/his habits are [18].
However, the few commercial successes have either had a very simple knowledge of
the user or have created their adaptations based on what other users do, rather than on
complex models of individual users [12] [14].

6 Agents Make Mistakes – and so Do Users

It is very hard to make agents that always come up with the right answers and always
do the right things. Learning agents make their decisions based on examples given by
the user or by trying to analyse the behaviour of the user. It is clear that the results
cannot be 100% right. In certain kinds of applications the users don’t find this to be a
problem; for instance, the user may find partially right search results of a web search
agent to be very useful.
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6.1 Who is Responsible?

Users may start to overestimate their skills when they forget that they are working with
a system and not alone. Users must be aware of all limitations and be able to recognise
wrong or irrelevant suggestions. Rejecting a proposal requires more knowledge than
uncritically accepting it. People who do have not enough knowledge tend to accept
incorrect advice [22].

When using an agent, the user gives up some control but at the same time s/he is
aware of what to expect from the agent as a result. S/he does not and needs not know
in detail how the agent actually carries out its tasks. The user has to be in charge, so
some responsibility for reacting to warnings or questions from the agent has to be
borne by the user.

6.2 User Autonomy

You cannot require the user to take responsibility for the system unless you assure
her/his autonomy. Software agents can both promote and undermine user autonomy.
Friedman and Nissenbaum [9] identify different aspects that affect user autonomy:
� Agent capability - user autonomy can be undermined when the software agent does

not provide the user with the necessary technological capability to realise her/his
goals. Usually the reason is that the user is not able to accurately represent her/his
intentions with the user interface provided.

� Agent complexity - this is typical of end-user programmable agents that require a
lot of insight, understanding and effort from the end-user. The user has to recognise
the opportunity to employ a software agent, take the initiative to create an agent,
endow the agent with explicit knowledge and maintain the agent’s rules over time.
Thus problems of agent complexity rise from a mismatch between the user’s capa-
bilities and the capabilities assumed by the agent.

� Knowledge about the agent - sometimes in order to use the services of an agent as
desired, the user has to know how the agent goes about its task. The user needs ex-
planations from the agent about the reasoning. The explanations must be given in
the user’s own language, e.g. in terms of past examples.

� Misrepresentation of the agent - users can experience a loss of autonomy when they
get inaccurate information about the agent. For instance, a web agent may represent
itself to the user as another human being and the user may be led to engage socially
as with a real person. Once discovered, this kind of experience casts doubt on fu-
ture interactions.

� Agent fluidity - the agents need to be able to support and easily accommodate
changes in the user’s goals. Most filtering agents don’t provide access to the infor-
mation that was filtered out. However, such information is essential if users are to
recognise when their agents need to be reprogrammed to meet evolving goals. The
users must be able to review and fine-tune their agents as their goals change.
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6.3 Trust

Since the agent takes over some tasks from the user, the user has to trust the agent. If
the agent asks for advice from other agents, the user should be able to trust these
agents, too [12].

If an adaptive system gives wrong advice just once, the user’s trust in the system
will go down drastically. However, recent research results show that when the users
are taken into the design process from the very beginning, they begin to understand
the nature of learning agents.

Gustafson et al. [10] report experiences of the on-line production staff of a web
newspaper. Despite the agent’s imperfections, it quickly gained the confidence of the
users. Because of their intense involvement in the software design, the users felt strong
ownership of the designed system. This contributed to the satisfaction of the users and
the ease with which the users adapted to the agent.

St. Amant and Dulberg [21] report on a study where the users considered even bad
advice better than no advice. The advice had either a high-probability or low-
probability guarantee with it. The user could immediately see how much s/he could
rely on the advice.

Trust may also be a question of culture. Once we get used to having adaptive sys-
tems around us, we will gradually build mental models of how they work and how far
they can be trusted.

In the design of agent-based applications, decisions on how to handle mistakes are
crucial. If the application is such that mistakes can be tolerated, the agent could learn
from them. If so, the user should be able to point out the mistakes to the agent so as to
improve the success rate of the agent in the future.

In each case, however, the analysis of possible mistakes and their effect on the
system should be an essential part of the design. If the user makes a mistake, the sys-
tem should be able to prevent erroneous actions or help the user in recovering the
system. If the agent encounters its limits and cannot succeed in its task anymore, it
should be able to provide all the possible advice to the user so that s/he can take over
the task.

7 Usability Design Recommendations for Agent Appications

The design recommendations can be classified under four main themes: agent appear-
ance and communication, teamwork between the user and the agent, modelling the
user, and error situations.

7.1 Agent Appearance and Communication

� The aim of the agent is to make things easier for the user. The agent should be kept
simple so that understanding and controlling the agent does not compromise the
initial aim.
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� The agent should keep the user informed of how it is proceeding with its task. In
the design it has to be decided how much and how detailed information is needed
and whether this information should be adapted according to the user.

� Personified agents can make the system easier to understand and interact with.
However, sometimes the match may get too close: the user may get the impression
of a real person and expect too much from the agent.

� Consider whether the personified agent really improves the usability of the system.
Agents who work seamlessly in the background are often more effective and us-
able than personified agents.

� Consider whether the personality of the agent is such that the user will accept it as
a team-mate

� Assure that the user will understand the changes in the behaviour of the agent.
� Consider whether the characteristics and appearance of the agent needs to be lo-

calised to different cultural environments.

7.2 Teamwork between the User and the Agent

� The user has to feel and be in control, even though some of her/his tasks have been
delegated to an agent.

� The user must have a clear picture of the agent’s capabilities and rules of reasoning.
� The user should always have a clear picture of the whole system. He/she has to

understand what is going on and why, even if it is unnecessary to understand the
details of the agent and in the normal situation the user doesn’t have to interfere.

� The user must be able to stop the agent safely, even though undo and redo may not
be possible.

� The tasks of both the user and the agent should be defined clearly, based on a thor-
ough task analysis.

� The user needs to understand the method of operation.
� The user needs to be able to control the degree of automation and intrusiveness.

7.3 Modelling the User

� The user should be allowed to inspect and alter her/his user model in the system.
� The user must be aware of where the user model is stored and how it is being used.
� The agent must have rules governing what information it can and cannot communi-

cate to others.
� The user should have easy access to the information, which has been filtered away

by the agent based on the user model.
� Especially learning agents are often deliberately designed so that they make conclu-

sions that cannot be guaranteed to be right. The user will benefit if he/she can be
provided with an estimation of the probability of the results.

� Personalisation can significantly improve the efficiency of use. Personalisation has
to be optional and the user should be able to use the service without personalising
it first.
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� The aim of personalisation is to simplify the use of the application. Complicated
personalisation dialogues may contradict this aim.

7.4 Error Situations

Agents work continuously and autonomously on their task. Thus the number and di-
versity of possible error situations is higher than in direct manipulation applications.
The error situations may also be more complicated and more difficult to understand.
The errors may be user errors, agent errors or unexpected events in the environment.

� The analysis of possible mistakes (by the agent or user) and their effect on the sys-
tem should be an essential part of the design

� The design should include action plans both for the user and the agent for each
identified error situation.

� It has to be assured that the agent cannot do any harm when out of contact with the
user.

8 Conclusions

Agents provide many possibilities to improve the usability of systems by carrying out
tasks on behalf of the users, searching out and filtering information for them, provid-
ing on-line assistance and so on. On the other hand, current research has revealed
some threats posed by agent technologies, which the designers should be aware of.

This study suggests usability design recommendations for agent-based services.
The rules deal with the appearance and communication of the agent, user-agent co-
operation as a team, user modelling and error situations.

The design recommendations are not complete but I hope that they will give a good
starting point for the designers of agent-based services. I also hope that this study will
inspire the designers of agent-based services to give us feedback and further practical
experiences of the human factor issues in agent-based services.
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Defining User Requirements for WAP Services

Eija Kaasinen, Matti Aaltonen, Timo Laakko
VTT Information Technology

1 Introduction
The rapid growth of web services has led to a situation where companies and
individuals are increasingly reliant on material that is available on the Internet
or intranets. From this it follows that people need access to the web even when
they are away from home or office. Access itself will probably be the killer
application for Mobile Internet (Kylänpää and Laakko 1999).

Wireless Application Protocol (WAP) and Wireless Markup Language (WML)
will together form a framework in which web services can be brought to small
mobile terminals. WAP will constitute an open architecture, enabling the user to
access the same services from a number of different terminals via mobile net-
works (WAP Forum 1999). Although the international specification work on
WAP is still going on (April 1999), the first WAP-compliant devices were in-
troduced in March 1999.

This paper describes our approach to define user requirements for two kinds of
WAP services. Our user group is not limited solely to the mobile users of the
services. We have also considered the requirements of service providers, termi-
nal manufacturers and application developers, because they are all needed to
bring WAP services to end users.

2 Wireless Application Protocol
The key idea of WAP is that it enables the service providers to offer services for
their mobile customers with various kinds of terminal devices. The WAP speci-
fication defines a framework for describing and transmitting information about
the client device. The information includes device and browser software char-
acteristics together with user preferences. In the WAP specification this infor-
mation about the client is called the User Agent Profile (WAP Forum 1999).
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WML provides the basic means for document formatting and user interaction,
but presupposes little about how they are actually implemented. Each client
device implements the interactions in its own way, depending on the device type
and the WML browser software (WAP Forum 1999).

The first WAP-compliant devices have been mobile phones, but in the future
WAP devices will vary a lot in size, input/output facilities, accepted content
types, network connections etc.

In our project, parallel to the ongoing international specification work of WAP,
we have studied in practice how the future WAP services can be designed and
implemented. On the one hand, we are studying how to build mobile aware
services using WML. As a case study we have developed a business card search
service. On the other hand, we have developed a WAP Proxy server, which is
able to convert HTML pages automatically to WML, thus providing mobile
transparent services.

3 The Users
Mobile users require easy and efficient access to WAP services. Terminals may
have small screen sizes, limited memory capacities, restricted input mechanisms
and slow network connections. The users want the services to be able to adapt to
various terminal devices in the best possible way (Clarke et al. 1997).

The service providers have to decide if they want to make a specific WAP ap-
plication or to rely just on HTML/WML conversion. The conversion approach
may be sufficient when mobile users are not an essential user group of the serv-
ice or when the structure of the service is very straightforward.

The technical support group of our project includes not only designers and us-
ability experts but also members from the telecommunications industry. In the
support group we have a device manufacturer (Ericsson), whose interest is to
assure that their future WAP devices will provide a good platform for WAP
services. We also have a network operator (Radiolinja), who will provide their
own and third party WAP services to their mobile clients. The third member is a
software company (Teamware), which is interested in studying how to design
and implement WAP-compliant services for their clients in the future.

4 The Design Process
We have adopted an iterative human-centred design approach based on the draft
ISO standard ISO/DIS 13407 ( ISO/DIS 1997). Our usability framework in-
cludes effectiveness, efficiency and satisfaction as defined in draft ISO standard
ISO/FDIS 9241-11 (ISO/FDIS 1997). In our project we will evaluate both use-
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fulness and usability. These two attributes predict the user acceptance of the
new services (Davis et al. 1989).

We have been defining user requirements from three different perspectives: the
technology itself, the mobile user and the service provider. It is essential to
understand the technical possibilities and limitations that affect user require-
ments. The mobile users need easy and quick access to the mobile services. The
service providers want to be able to offer their services to different clients at
minimum additional cost.

We started our design process by defining initial user requirements. These were
based on literature studies, studies of corresponding products and analyses of
current mobile devices and predictions about future ones. Our design process
allows us to identify new user requirements and to feed them back into the proc-
ess throughout the entire life cycle of the project.

We reported the user requirements as concrete, numbered statements. In this
way we got a user requirements guideline for our project. This guideline will be
maintained throughout the project as new user requirements are identified and
old requirements are refined as the result of the evaluation. Figure 1 illustrates
our initial user requirements for the HTML/WML conversion.

7.1.5 The user should be informed about problems in conversions
the user should get information about elements that could not be converted
the user should get information on web pages that could not be converted

7.1.6 The user should be able to avoid excessive amounts of unwanted information
direct search is more effective than “browse and look”
the user would benefit from a description of content he/she is about to access.

Figure 1 A view of initial user requirements for the HTML/WML conversion

Evaluation has been a continuous activity during the requirements definition and
design phases of the project. The main evaluation method has been the plural-
istic walkthrough. This means meetings at which the users, application field
experts, designers and usability experts together evaluate design solutions to get
feedback and to generate new ideas. Towards the end of our project we will
concentrate on user trials.

In the software requirements definition phase we defined the basic functionality
of our services as use cases and evaluated them together with our technical sup-
port group. Figure 2 illustrates a part of a use case. We also made scenarios of
HTML/WML conversion by using common web services (news, schedules,
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reservations etc.) as examples. The use cases and scenarios helped us in defining
which of the described features and functions were to become a part of our
services. The initial user requirements defined individual features of the serv-
ices, whereas the use cases and scenarios described complete user tasks.

In a recent meeting Paavo has met a lady who works at Radiolinja. Unfortunately
Paavo does not remember her name.

Paavo asks for a search form from the BCSS
He fills in the form “Org: Radiolinja”, “Date of birth: 1.1.60 or later”
he presses “search”
BCSS finds many ladies with these attributes
Paavo has plenty of time and he decides to browse through the cards

Figure 2 A view of a use case of the Business Card Search Service

In the iterative design phase we have implemented prototypes of our services on
WAP emulators by Unwired Planet (UP.Simulator 3.1,
www.unwiredplanet.com), Nokia (WAP SDK version 1.01, www nokia.com)
and Dynamical Systems Research Ltd. ( Wireless Application Reader version
1.1, www.wap net). Unwired Planet and Nokia offer cellular phone type client
emulators and Dynamical Systems Research’s emulator has in addition a palm-
top type client emulator. We have evaluated the prototypes in pluralistic walk-
through meetings using the use cases as test tasks.

Figure 3   Business Card Search Service on Nokia and Unwired Planet platforms
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In practice it has not been easy to make an application look good and be easy to
use on different types of devices. The platforms vary by the screen size, the
handling of soft buttons and the way links and document elements are visual-
ised. If you try to improve the usability of the application on one target plat-
form, you may generate usability problems on another platform.

5 Conclusions
In defining the user requirements for WAP services, we have considered the
points of view of mobile end users, service providers, device manufacturers and
application developers. We started our design process by defining the initial
user requirements and use cases. In this kind of continuously changing envi-
ronment it is essential to be able to refine the user requirements throughout the
design process. It is also important to record the design rationale behind the
design decisions. In this way we can easily return to rejected requirements, for
instance when a new WAP device enables us to implement new features in our
services.

So far we have only been able to test our services on simulated WAP terminals.
It will be interesting to see how our services behave on the first real WAP ter-
minals.
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Mobile-Transparent Access to Web Services –
Acceptance of Users and Service Providers

Eija Kaasinen, Eija-Liisa Kasesniemi, Juha Kolari, Raisa Suihkonen and
Timo Laakko

VTT Information Technology, P.O. Box 1206, FIN-33101 Tampere, Finland
eija.kaasinen@vtt.fi

Abstract
The number and variety of mobile Internet devices is growing rapidly. It is no longer enough
to design web services for generic mobile access; the services also have to adapt to different
contexts of use. We have studied an approach where the users of different WAP phones can
transparently access the same web services as they use on their PCs. We have evaluated the
user acceptance of this solution in field trials with users and in interviews with service
providers. The results suggest that there is a need for cross-media services that the users can
access with different devices depending on their current context of use. Mobile devices are
above all personal communication devices. More attention should be paid to providing
personally selected contents and new kinds of interactive services where the users can
participate and communicate with other people.

Key words: web, WAP, mobile access, usability, user evaluation

1 Mobile Access to the Internet
Today, mobile Internet devices range from phones to communicators, palmtop computers and
portable computers. The main problems with the mobile Internet include slow connections,
small screen, limited input techniques and limited functionality of the browser. Current
approaches to provide markup language based services to small mobile devices are based on
markup languages specially designed for this purpose. Some approaches like i-mode provide
limited access to the web whereas Wireless Application Protocol (WAP) services are designed
as separate applications and little if any attention has been paid to their co-existence with a
corresponding web service (Hjelm, 2000).

From the user's point of view, the mobile Internet cannot be an entity in its own right. Many
web services are such that the users will need to access them anywhere and with whatever
device they have available. These services should be transparently available to the mobile
users (Kaasinen et al., 2001). The need for device-transparent services has been recognised in
the World Wide Web Consortium (W3C). In spring 2001, W3C started Device Independence
Activity that is working towards seamless web access and authoring (W3C, 2001). The W3C
specification for modular XHTML (eXtensible Hypertext Markup Language) is a concrete
step towards a device-transparent web.

In his Alertbox, Jakob Nielsen (1999) gives a list of principles that should be observed when
offering the same service with multiple interfaces. It is important that the different interfaces
feel like variations of a single system, even though they have different designs.
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Consistency is a commonly accepted but sometimes problematic design goal. In the usability
design of multi-platform web services the question of whether the site should look the same
on all platforms or whether it should be changed to make use of the idiosyncrasies of a
particular environment must be considered. ( Ketola et al., 2000)

2 The WAP Proxy Server for Mobile-Transparent Web Access
The WAP services are implemented using the XML-based Wireless Markup Language
(WML). WML is designed for low-end devices and for slow, unreliable networks. WML
provides the basic means for document formatting and user interaction, but presupposes little
about how they are actually implemented (WAP Forum, 1999). There are several different
WAP browsers on the market, each with its own user interface philosophy and usability
guidelines (Nokia, 2001) (Openwave, 2001).

Figure 1.  Mobile-transparent access to the web via the (X)HTML/WML conversion proxy

Our WAP conversion proxy server facilitates mobile-transparent access to (X)HTML-based
web services for different WAP devices, as illustrated in Figure 1. The conversion proxy
converts HTML content to WML decks. The proxy server also aims to format the service
according to the capabilities and preferences of the mobile client, as defined by the User
Agent Profile (UAProf) of the device. Images are converted to a form that the client device
supports and image sizes are scaled according to the client. The proxy can also perform state
management on behalf of the client, enabling access to web sites that require user login with
cookies. One HTML document typically produces several WML decks, depending on the
memory limits of the client device (Kaasinen et al., 2000).

Mobile Access Guidelines by W3C (1999) can be utilised in designing convertible sites. Our
WAP conversion proxy could correctly convert most of the sites that were designed according
to these guidelines (Kaasinen et al., 2001).

3 User Acceptance
We evaluated mobile-transparent access to the web in two field trials, the first one in summer
2000 and the second one in summer 2001. Both trials lasted for two months and included 40
users, aged 14-79 years and representing evenly both sexes. The experience of the users with
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GSM phones, the Internet and computers varied from novice to professional. In the 2000 trial
we had three types of WAP phones as user devices. In the 2001 trial the user devices included
ten types of WAP phones as well as PDAs and communicators.

In the first trial we built a tailor-made WAP front page for each test user according to his/her
interests. From this front page the user had access to both mobile-aware WAP services
(Radiolinja WAP portal) and converted web services. In addition to the personally selected
web links, each user had access to the web portal of MTV3 media company and the teletext
services by two Finnish TV companies (MTV3 and YLE). MTV3 web portal was redesigned
for the field trial to better support the WAP conversion. The main change was to provide a
separate, simplified front page for mobile users and paying more attention to the selection of
link texts. Most sub pages did not require any modification for mobile use.

Even though the users were happy with the tailor-made front pages in the 2000 trial, some of
them said that they would prefer to personalise the front page themselves. In the 2001 trial all
the users had a similar front page with a link to their personal page. They could freely
personalise the personal page with a tool, Link editor, which was available both in the web
and in the WAP. In addition to the personally selected web links, the users could write their
own text notes and link them to the personal page. The front page of each user was accessed
with a unique URL, so that the users did not have to log in to the page.

Figure 2 The set-up of field trial 2001 as seen by the user (screen views translated,
original service in Finnish)

In the second trial we studied group communication with a Message board service
implemented  by Teamware Interactive. The Message board service was set up for four
different user groups: bird watchers, choir members, teens and expecting mothers. Each group
was made up of five members. In addition to the four small groups, all the test users could
access a common chat group “Pulinapalju” (“Chatterbox”). The other common services in the
2001 trial included converted MTV3 portal, a poll service, web search engine (Google), WAP
search engine (Evreka) and Radiolinja WAP portal (Figure 2). In both trials, the test users
were asked to visit their WAP page at least twice a week. Otherwise the users could use the
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WAP freely, up to two hours a day. Data collection took the form of thematic interviews,
observation and log files.

Most usage in the field trial was immobile use. The users were quite often filling in empty
moments with WAP services, e.g., while waiting for a friend, sitting on the bus, or taking a
break at work. It is also notable that a lot of the usage took place at home. The users could
have got the same information from their PCs or teletext, but the WAP phone was more
readily at hand. By using the mobile service, the user did not have to move him/herself.

3.1 Access to Information
The usability problems with the converted content were very similar to the problems with
mobile-aware WAP services. The main problems were related to navigation, scrolling on the
page, slow response times as well as device and network hang-ups. The users felt they needed
an overview of the available information. They could read long articles if they found them
interesting, but a quick way to browse through less interesting information was lacking.

Generic WAP services by the teleoperator had the fewest usability problems and they were
also technically the most reliable ones. The users often thought that the content of these
services was too limited.  Some users, however, found favourites among these services and
started to use them regularly. Typical favourite services were news and weather forecasts.

Figure 3 The conversion proxy adapted images according to the client device

MTV3 services were quite familiar to most of the users. WAP access worked very well and
some of the test users even stated that “the WAP version is much easier to use than the
version on the web”. The portal with its sub-pages was the most popular service in both trials.
During the 2001 trial, the MTV3 main page was accessed over 3800 times. The most popular
sub-pages included news (541), TV schedule (267), page of a popular TV show "Far Out"
(206) and sports (110).  The users commented positively on the converted images on the pages
but they seldom saw the images as being absolutely necessary (Figure 3).

IV/4
Petitioner Samsung Ex-1033, 0191



Teletext services were familiar also to the users who were not familiar with the web. The
teletext content worked well on WAP and the users liked the wide range of material available.
Familiarity with the service seemed to ease navigation.

In addition to MTV3 news, other news services were also popular. During the 2001 trial, the
newspaper Helsingin Sanomat was accessed 551 times, the afternoon tabloid Iltalehti 180
times and the YLE's teletext service  210 times. It seems that the users did not want just any
news, but the news from their favourite service provider.

Several users were excited about the personal links. This kind of content could include home
pages of the family members, web pages of hobby groups, web pages of the user’s own
university and similar personal things.

In the 2001 trial, Google(web) and Evreka(WAP) search services were put to good use by
quite a few users. The users were surprised to see their WAP searches gain lots of items. The
traditional WAP portals had hidden the fact that a surprisingly large number of WAP services
are already available. Unfortunately, quite a few WAP services failed to define the title of the
page, thus giving the searcher no clue of the contents of the page.

3.2 Personal Interactive Services
Some users actively updated their personal pages. Most users, however, found using the Link
editor too laborious or did not have enough motivation to do the personalisation. In the
interviews, the users said that they would prefer giving themes that they are interested in,
rather than web URLs. If they then could get a list of alternative links, they could select from
these. Also, they would have liked to be informed of new and interesting services, based on
their expressed interests.

Personal communication clearly activated the users in a way that was not possible with mere
information services. Even novice users associated e-mail strongly with WAP. For the trial,
we tried to ensure that all the users who wanted to have e-mail access could get it.

The discussion group of Vauva magazine – a magazine for the parents of newborn babies -
was quite popular (accessed 774 times), taking into account that it was probably mainly
accessed by the small group of expecting mothers. Some services that were used only by a
single user were surprisingly high on the usage log. An e-mail service that turned out to
convert quite nicely was accessed 254 times by a single user, and a game called "Planetarion"
was accessed 191 times.

The five most active users in the 2001 trial accessed their front pages 445, 422, 332, 253 and
219 times. Most users accessed their front page around 100 times, i.e. about once a day.

With the Message board service, long user input caused technical problems in quite many
WAP devices. The browsers easily hang up when the user was in the middle of writing a
message. Usually the user then lost the message that (s)he had been writing. In some devices,
the input fields were too short on the screen. The user had to finish the input seeing only the
last few characters of the message. It seems that active user input has not been adequately
considered when designing WAP browsers.
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The problems with long input fields clearly reduced the use of the Message board. The teens
were the only group that used the Message board actively during the trial in spite of the
technical problems. The teen group soon became differentiated into communication pairs and
they wanted to have new discussion groups accordingly. One of the new groups – two girls –
wrote over 1200 messages during the trial.

The birdwatchers would have liked to report their observations to a wider audience. They
would also have liked to get an alert when new messages arrived. The choir had somewhat
similar needs – the service would have been more useful if all the members of the choir could
have participated. However, mobile access to the web page of the choir, where the members
could see forthcoming events, was commented on positively.

Figure 4 The Message board on a WAP phone (translated, original service in Finnish)

The experiences with the teen group suggest that for a small user group the Message board
service can be truly personal – enabling the users to keep in touch with their friends and not
only to retrieve information but also to participate actively. Such services support the mobile
devices as personal communication devices.

Existing groups often need better access to the services that they already have in use, rather
than totally new services. The whole group should be able to use the service, and each one
should be able to access the service with any device that is currently available to him/her.

Some of the test users utilised the personal notes widely. The notes were e.g., memos, to-do
lists, shopping lists or even self-written poems. This kind of usage is a starting point for using
the mobile device as an access and storage point for all kinds of personal data. The user
should be able to access this kind of personal "data chest" with any web/WAP capable device.

4 The Point of View of the Service Providers

4.1 Interviews in Spring 2000
We studied the acceptance of service providers by interviewing the representatives of current
Internet service providers and probable future service providers, altogether 25 organisations in
Finland. The organisations in the interview study included five public-sector organisations,
three non-profit organisations, nine large enterprises and eight small or medium-size
enterprises.  We interviewed the managers responsible for the WWW-services in qualitative
non-structured theme interviews in spring 2000. The aim was to study how the organisations
plan to serve their mobile customers in the future and how the WAP conversion proxy would
fit in with their plans.

All the companies were providing web-services for consumers, and half of the companies
mobile services as well. The first WAP services were provided on the portals of the
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teleoperators in a "walled garden". This was still mostly the situation, although some
alternative WAP portals had come on the market.  The service providers said that they could
not commit to the portal of a single teleoperator since their customers use different
teleoperators. They also thought that having the teleoperator between them and their
customers would hinder their contacts with the customers and make their brand less visible.

The majority of the service providers had not thought about how to adapt their services to
different mobile devices. They were relying on device manufacturers to agree on suitable
standards. Most service providers thought that the markets would quite soon demand mobile
services. They considered the concept of an automatic conversion and adaptation proxy server
useful, but mainly in free services. For commercial services the approach was seen as being
too indefinite.

4.2 Interviews in Spring 2001
In the second round of service provider interviews we demonstrated the conversion proxy and
interviewed 11 service providers in spring 2001. The interviewees included four public-sector
organisations, five companies and two public utility associations. The interviewed people
were responsible for their own organisation's web and mobile service production. All but one
of the organisations had already participated in the first round of interviews.

This time the attitudes of the interviewees towards mobile services were a bit more reserved.
The representatives of the companies said that they would be ready to provide mobile services
as soon as they could see a realistic business model in the field. Before that new network
technologies and devices will be needed on the market.

All the interviewees were curious about the conversion proxy approach. The small enterprises,
public-sector organisations and public utility organisations regarded the conversion proxy
approach as quite attractive, because they thought that they would not be able to provide
separate mobile services in the near future. The other interviewees thought that they could
provide some of their services via the conversion proxy, mainly services that they cannot
charge for. Some interviewees thought that the conversion proxy could be useful in providing
Intranet services for their mobile employees. Seven organisations said that they might
consider redesigning some of their services to better support the conversion.

5 Conclusions
The results of this study highlight the fact that mobile devices are above all personal
communication devices. The WAP Proxy conversion brought WAP to a more personal level.
With more options, users began to shift towards services that were personal and/or interesting
to them. Also with general services like news, people used the possibility to select their
service provider. More attention should be paid in providing users with easy-to-use and
effective personalisation tools.

The implementation of WAP communication services was a vitalising factor in our trial.
Personal communication services seem to be somewhat underrated, considering the way in
which WAP devices and services are currently designed and marketed. Self-generated content
and peer-to-peer communication should be seen as a more integral part of mobile devices.
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Mobile devices are usually secondary access points to the Internet for the users. That is why
access to existing services may be more useful than new services designed specifically for the
mobile environment. Future services will be designed for device independence from the very
beginning. Meanwhile, the service providers regarded the conversion proxy as a good
approach to providing access to the web services also for mobile customers and employees.
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Abstract Mobile contexts of use vary a lot, and may
even be continuously changing during use. The context
is much more than location, but its other elements are
still difficult to identify or measure. Location informa-
tion is becoming an integral part of different mobile
devices. Current mobile services can be enhanced with
location-aware features, thus providing the user with a
smooth transition towards context-aware services. Po-
tential application fields can be found in areas such as
travel information, shopping, entertainment, event in-
formation and different mobile professions. This paper
studies location-aware mobile services from the user’s
point of view. The paper draws conclusions about key
issues related to user needs, based on user interviews,
laboratory and field evaluations with users, and expert
evaluations of location-aware services. The user needs
are presented under five main themes: topical and
comprehensive contents, smooth user interaction,
personal and user-generated contents, seamless service
entities and privacy issues.

Keywords Location-aware services Æ Mobile services Æ
Usability Æ User evaluation Æ User needs

1 Introduction

In mobile environments, all the elements of the context
of use may vary a lot. Users are different and they may
use the services for many different tasks, even for tasks
that were not anticipated in the design. The variety of
mobile devices is growing and the users expect to be able
to use the same or the same kind of services on the
different devices. The technical and service infrastructure
may differ and they may even change in the middle of a

usage session, e.g. the network or the positioning system
may change when the user moves from one place to
another. Similarly, the service infrastructure, i.e. the
available services and applications, may change. The
physical context may vary a lot in terms of illumination,
background noise, temperature and weather. The use of
the device may affect the social situation in which the
user finds him/herself or the social situation may affect
the way the user uses the system.

An efficient way of improving the usability of mobile
services and applications is to adapt the contents and
presentation of the service to each individual user and
his/her current context of use. In this way, the amount of
user interaction will be minimised: the user has quick
access to the information or service that (s)he needs in
his/her current context of use. The information can even
be provided to the user automatically.

A system is context-aware if it uses context to provide
relevant information and/or services to the user, where
relevancy depends on the user’s task [1]. The main
problem with context adaptation is that the context
cannot be easily identified or measured. The location of
the user is an element of the context that currently can
be measured more or less accurately depending on the
positioning system in use. In this paper, location-aware
services are defined as context-aware services that utilise
the location of the user to adapt the service accordingly.
Location-based services are services that are related as
such or by their information contents to certain places or
locations. Thus location-aware services are a special case
of location-based services.

So far, context-awareness has mainly been studied
from the technical point of view and the studies have
concentrated on location. Different experimental
systems have been set up but only a few user evaluation
results from small-scale trials are available. Location-
aware services are a concrete step towards context-
awareness. Other aspects of context-awareness will
follow as soon as the corresponding elements of the
context, such as weather or the social situation, can be
measured and the adaptivity needs can be identified.
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This paper studies location-aware mobile services from
the user’s point of view. The paper draws conclusions
about key issues related to user needs, based on user
interviews, laboratory and field evaluations with users,
and expert evaluations of location-aware services.

2 Methods of locating the user

From the point of view of the service, the simplest
method of locating the user is to let him/her tell the
location. From the point of view of the user, this method
requires extra effort because the user needs to define his/
her location and input it to the system as a part of the
search.

The user can be located with different positioning
systems. If the user device includes a GPS (Global Po-
sitioning System) module, the user’s location can be
defined very accurately (2–20 meters). A GPS cannot be
used indoors and it may not work in ‘urban canyons’
either. The location is calculated in the user device and
it has to be sent to the service provider in order to
get location-aware services. The range of commercial
products currently available include mobile phones with
integrated GPS modules, separate GPS modules for
PDAs (Personal Digital Assistant), and GPS devices
with integrated mobile phone and data features.

A mobile phone can be located by the telecom op-
erator in the network. The positioning is based on
identifying the mobile network cell in which the phone is
located, or on measuring distances to overlapping cells.
In urban areas the accuracy can be down to 50 meters,
whereas in rural areas the accuracy may be several
kilometres. The advantage of the cell-based positioning
method is that the user needs no extra equipment - an
ordinary mobile phone will do. If the user wants to use
location-aware services from other service providers, the
location has to be transferred to the other service pro-
vider and the telecom operator must get permission for
this from the user. The location data is possessed by the
telecom operator, which may not be willing to pass it on
free of charge. Possibly because of these data transaction
needs, current cell-location-based services are provided
mainly by telecom operators.

The user can also be identified at a service point,
utilising e.g. WLAN (Wireless Local Area Network),
BluetoothTM or infrared technologies. These kinds of
proximity positioning systems require a dense network
of access points. The density of the network depends
both on the required location accuracy and on the range
of the access points. The accuracy can be down to 2
meters. The user needs special equipment, although
WLAN and Bluetooth, for instance, are becoming in-
creasingly common in current mobile devices. Because of
the required infrastructure, such systems can only be
used in a predefined area, e.g. a shopping centre, an
exhibition area or an office building. The location of the
user is available only when the user is in the service area.

3 Recent research on context- and
location-aware services

Context-awareness can be implemented as an adaptation
of the user interface or the contents of the service. Ser-
vices can also be invoked based on the identified context.

A context-aware user interface can select the appro-
priate modes for service interaction. A context-aware
user interface can also be implemented e.g., as context-
aware text prediction [2] or a location-aware remote
control for the environment [3]. A major challenge for
the context-aware user interface is that the context may
be continuously changing. This raises the problem of
integrating changes into the user interface in such a way
that the user remains in control [4]. Moving can also be
seen as one mode of interaction with the system. This
interaction mode is quite challenging because it is diffi-
cult to know the user’s intention: is the moving really
taking place in order to interact with the system [5].

In recent research, context-aware contents have been
studied in different application areas, e.g. tourist guid-
ance [6], exhibition guidance [7], e-mail [8], shopping [9],
mobile network administration, medical care and office
visitor information [10]. In these studies, the location of
the user is the main attribute used in the context-adap-
tation. In well-defined application areas, it is possible to
predict the other elements of the context according to
the location of the user. Designing for more general user
groups and wider contexts of use will be much more
challenging.

4 The empirical studies

4.1 Scenario evaluations

We have carried out several empirical studies to study
user attitudes, needs and preferences for location-aware
services. We started with scenario evaluations in group
interviews. The aim of this evaluation was to study
broadly the attitudes of the potential users towards
different personal navigation services. Future possibili-
ties of personal navigation products and services were
presented to the interviewees as pictured scenarios
of everyday life. In addition to location-based services,
the scenarios also introduced route guidance services,
services for tracking property and services based on
locating other people.

We had 13 evaluation groups, each with 3 to 7 peo-
ple, totalling 55 persons of different ages, different
backgrounds and from different parts of Finland
(Table 1). The groups were selected so that they broadly
represented the potential users of personal navigation
services. The groups included four families, three hobby
groups (football players, boaters and hunters), two
youth groups, senior citizens, a group of motor-disabled
people, a group of visually impaired people and students
of well-being technology. The groups were somewhat
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male-oriented, mainly because of the selected hobby
groups. We wanted to include boaters and hunters be-
cause these groups are already familiar with navigation
devices and thus might be early adopters of new per-
sonal navigation services.

Each group evaluated between three and five sce-
narios that were selected so that they presented the dif-
ferent aspects of personal navigation and were targeted
according to the group.

The original scenarios were written in 1999 by a
multidisciplinary team of experts, as a part of setting up
the Personal Navigation Research and Development
Programme in Finland [11]. We modified the scenarios
so that they reflected the present situation in the research
and industrial fields, and so that they covered different
aspects of personal navigation. We also wrote some
brand new scenarios, targeted specially at different age
and/or hobby groups.

The scenarios described location-aware advertising in
the form of junk mail, a visit to an exhibition, different
holiday and working trips, meeting friends in the eve-

ning, going to work and shopping. The scenarios were
short stories of everyday life, illustrated with pictures of
the context of use and imaginary mobile devices and
services. Figure 1 presents a part of the scenario of
location-aware spam.

The scenarios were delivered to most of the groups in
advance, so that the participants could read the sce-
narios before the interview. In the semi-structured group
interview, the scenarios were discussed one at a time.
The evaluators presented the scenario to the group and
started the discussion by asking the interviewees how
credible they considered the scenario, and why. Figure 2
illustrates the group interview with the senior citizens.

4.2 User evaluations

We have also evaluated with users different commercial
location-aware services in Finland. The aim of these
evaluations was to identify good solutions in current
services as well as user needs for future services. Benefon

Table 1 User groups in the scenario evaluations

Group Female Male Ages Mobile
phone
owners (%)

Regular
computer
users (%)

Have been
using
navigation
device (%)

Locality

Family 1 1 1 36 39 50 100 Urban, Northern Finland
Family 2 1 1 34 36 100 100 Rural, Southern Finland
Family 3 2 1 14 45 100 67 33 Rural, Western Finland
Family 4 1 1 15 46 50 100 Urban, Northern Finland
Football club 3 25 27 100 100 Urban, Western Finland
Sailing club 1 6 32 55 100 70 70 Rural, Western Finland
Hunting club 4 38 44 75 50 75 Rural, Northern Finland
Youth group 1 3 2 17 80 80 20 Rural, Northern Finland
Youth group 2 5 15 16 100 60 20 Rural, Western Finland
Senior citizens club 2 3 56 66 100 80 20 Urban, Western Finland
Disabled people
at a service house

2 3 24 50 60 60 20 Urban, Western Finland

Visually impaired 2 3 27 46 100 80 20 Urban, Western Finland
Students of
well being technology

4 3 21 37 100 100 29 Urban, Northern Finland

Total 19 36 14 66 90 78 29

Fig. 1 Part of a scenario
describing location aware spam
(translated from Finnish)
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Esc! (Fig. 4) is a mobile phone that includes an inte-
grated GPS system. When the Benefon Esc! is used to-
gether with a Yellow Pages short message service (SMS),
the user can get information on nearby services as well
as their location, which the Benefon Esc! can display on
the map screen. The Benefon Esc! was evaluated out-
doors in the city of Tampere with six male users: three
students and three middle-aged men (aged 59–62) having
fishing and hunting as their hobby. We ended up with a
male user group because of the hobby group selected.

In Finland, Sonera Pointer (Fig. 4) was one of the
first location-aware WAP (Wireless Application Proto-
col) services that utilised cell-based positioning. Pointer
Bensa (Gasoline) gave information on the cheapest
gasoline stations in the vicinity of the user. Pointer Opas
(Guide) offered information about the district around
the user: sightseeing and attractions, events, activities,
accommodation and tourist information. Pointer Fakta
(Facts) gave statistical facts about the city or munici-
pality in which the user was located. The Pointer services
were evaluated in our usability laboratory with five us-
ers, three women and two men, aged 25–64, and with
different backgrounds. Only one of the users had pre-
vious WAP experience. One of the users did not own a
mobile phone himself.

The evaluations of both Benefon Esc! and Sonera
Pointer were carried out in four phases. The evaluation
started with filling in a background form to collect user
data and information on his/her experience, e.g. with
mobile phones and services. Then the user carried out
test tasks that were combined with a frame story (‘‘You
are driving from Helsinki to Jyväskylä. Near Tampere
you notice that you would need to fill up your car...’’).
After the test tasks, the user could use the system freely,
if there was time left and if the user wanted. Finally, the
user was interviewed about his/her general impressions
of the evaluated service. One evaluation session took
about two hours. The laboratory evaluations were re-
corded on video, whereas the outdoor evaluation was
recorded on audio and as photographs of usage situa-

tions. Figure 3 illustrates a user evaluation of Benefon
Esc!.

In addition, we evaluated with five users a traditional
GPS device (Garmin GPS 12) and a GPS module on a
PDA (Magellan GPS Companion for Palm). These de-
vices and the map services on them may not be consi-
dered as location-aware services as such, but still they
are important support services for the users of location-
aware services.

4.3 Expert evaluations

We also reviewed some services in expert evaluations
because these services were not available in Finland.
CeBIT 2001 Mobile Fair Guide (Fig. 4) was a tradeshow
guide for PDA computers. The software together with
the Fair Catalogue could be downloaded from the web.

Fig. 2 Group interview with senior citizens

Fig. 3 Evaluating Benefon Esc! with a user

Fig. 4 Some of the evaluated devices and services: the Benefon Esc!
GPS phone, Sonera Pointer on a WAP phone, Cebit2001 Guide and
Vindigo on a PDA
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During the fair, there was also a demonstration on using
the guide together with a Bluetooth-based indoor navi-
gation system. Pocket Streetmap (www.pock-
etstreetmap.com) is a map software for PDAs, which
also includes some location-based services. Vindigo
(Fig. 4, www.vindigo.com) is a location-aware service
guide for local entertainment, shops and restaurants in
major cities in the USA and in London. We reviewed the
Cebit 2001 Guide at the trade fair in Hanover, whereas
Pocket Streetmap and Vindigo were reviewed in Lon-
don.

The group interviews were carried out in spring 2001
and were followed by the user and expert evaluations
from summer 2001 to spring 2002. In the following
section, the results of all the above-mentioned evalua-
tion activities are discussed as key issues to consider
when defining user needs for location-aware services.

5 User needs for location-aware services

This section presents our main findings about user needs
of location-aware services. The findings are grouped
under five main themes: contents, interaction, person-
alisation, service entities and privacy. As a starting
point, Sect. 5.1 presents an overview of user attitudes
identified in the group interviews and evaluations.

5.1 User attitudes

The attitudes of the users towards location-aware ser-
vices were quite positive both in the group interviews
and in the user evaluations. Location-aware informa-
tion was expected to be especially useful in special
situations, e.g. in unfamiliar environments, when
looking for a specific service or in emergency situations.
Location-aware information on parking lots, detours
and contemporary events such as concerts and football
matches was found useful. The disabled users would
appreciate accessibility information, and the visually
impaired pointed out the importance of speech-based
systems.

However, criticism of new technology was brought
up in many group interviews. A predestined and over-
controlled environment was seen as dubious, and the
interviewees did not accept the rational and purpose-
oriented attitude to life that they identified in the sce-
narios. In addition, some of the scenarios, for instance
proactive shopping and exhibition guides, were seen as
going too far beyond the real needs of people. The
Exhibition scenario presented a system that guided the
visitor along a predefined route, pointed out people
that the visitor should meet, and offered a possibility
to make appointments to popular stands. Almost all
interviewees commented that these kinds of systems
might be useful for ‘some businessmen’ but not for
them. The interviewees were mainly familiar with quite
small exhibitions where the idea is to ‘just wander

around anyhow’. The Boater group and Family 1 also
pointed out that setting up the system before the ex-
hibition visit might become a major task. In some
groups, the Exhibition scenario catalysed discussions
where the interviewees identified useful applications for
this kind of service. In the Senior citizens group, one
lady told about using an automatic guidance system in
a submarine museum in the US. The group agreed that
the system should provide local information when
needed but should not keep to a predefined route. The
group also innovated a city guidance system based on
the same idea.

Participants in the user groups mainly wanted solu-
tions to ease their life in certain functions, but the aim of
ultimate effectiveness itself was seen as bad. The inter-
viewees thought that the location-aware reminder pre-
sented in one of the scenarios created a feeling of haste;
the servant becomes a master that starts to give com-
mands to the user. Fear of radical changes in human
interaction, the usability of systems and the narrow use
of new services and products were also raised in the
groups.

5.2 Contents

5.2.1 Topical information

In the interviews and user evaluations, topical infor-
mation turned out to be important to the users. This
is the kind of information that may change while the
user is on the move, in which case the information
checked previously from other media (e.g. newspaper,
TV or Web) may no longer be valid. Examples of
such topical information are traffic information,
weather forecasts, last-minute theatre ticket deals, or
on-line chat. Unfortunately, in the evaluated services
the only somehow topical information was included in
Pointer Bensa (Gasoline), where gasoline prices at
different service stations were updated once a day. In
the group interviews, the Senior Citizens group as well
as the Boaters group pointed out emergency situa-
tions, e.g. roadside help in a situation when the car
breaks down. In this kind of situation, the traveller
would need information on where (s)he could get help
immediately, rather than a general service catalogue.
Three Sonera Pointer test users also expressed a need
for roadside services.

In addition to topical information, the users will need
guidance on how to proceed in the changed situation.
For instance, a train schedule as such can be obtained
elsewhere but once on the move, the user will need in-
formation on delays and estimated arrival times. Fur-
thermore, the service could suggest alternative routes in
case of delays. The need for topical information is much
greater than the Web is currently providing. This sets
high expectations for the systems that maintain infor-
mation as well as for the mechanisms by which the user
will be informed and alerted.
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5.2.2 Comprehensive contents

Although a mobile service on a small device can give
only small portions of information to the user at a time,
the user should have the possibility to access further
information as exhaustively as (s)he needs. This need has
been identified in other studies as well [12].

In the user evaluation of the Yellow Pages service, a
user was looking for the closest restaurant with a dance
floor and found that it was over 100 km away. The
service did not include any of the dozens of restaurants
with this facility in the city where the service was eval-
uated. The limited content of the services available was
one of the main reasons why users considered the ser-
vices not useful. The users expected to get some idea of
the extensiveness of the contents as well as the geo-
graphic area that the service covers to be able to assess
the usefulness of the service. Starting up a service will
not be easy: on the one hand, a critical mass of service
providers will be needed to get the users in, and, on the
other, a critical mass of users will be needed to get the
service providers in. It should be considered carefully
how much content a pilot service should be included to
be worth releasing.

The Cebit 2001 Guide did not have such problems
because the exhibitors at a trade fair are an entity that
can quite easily be managed. The earlier user evaluation
results of the CeBIT2000 exhibition guide by Bieber and
Giersich [7] point out that users wanted to have both
more extensive information about the trade fair itself
(more information about the exhibitors and more ex-
tensive search possibilities), and more information about
the immediate surroundings (e.g. a shuttle plan of the
fairground and overall travel information). It is not wise
to restrict the available information only to the current
location and time: the users may also need to plan their
next activities or to return to previous activities.

Although the user groups in our evaluations were
small, the results point out that information and service
needs vary, not only according to the location but also
according to the user and the usage situation. In one test
task, the users were looking for accommodation infor-
mation from the Sonera Guide. All the users missed
some additional information about the hotels, but the
type of information required varied. Some users would
have liked to get information on price and room avail-
ability; some would have liked to get more information
about the location, some about the quality and facilities.
Similar variations in user preferences could be identified
in making a reservation and in getting route informa-
tion. The users will need comprehensive information
both in breadth (number of services included) and depth
(enough information on each individual service).

5.3 Interaction

Location-aware services differ from many other types of
mobile services because they are not just mobile in the

sense that they can be carried with the user but they are
actually used on the move. The usage situations are
demanding because the user can often devote only par-
tial attention to the device, concentrating on his/her
primary task of moving. In addition, the physical envi-
ronment (e.g. background noise, illumination, weather)
may disturb the usage situation.

5.3.1 Push or pull

In the group interviews, most users thought that they
would not mind having the service or information pu-
shed to them as long as the provided service or infor-
mation was really what they needed in the situation. The
attitudes of the young users (Youth groups 1 and 2;
Students of well-being technology) towards location-
aware ads was very positive, although the teens pointed
out that they wanted the ability to select what kind of
ads, from whom and when they received. The attitudes
of the older interviewees were also mainly positive but
more prudent. Some of the older interviewees said that
they just do not like ads in general. Although the atti-
tudes of the users were positive, location-aware push
services should be designed carefully. Attitudes will soon
change if the users find themselves continuously receiv-
ing information that they do not need.

In most cases, location as such is not enough to ac-
tivate push but location should be complemented with
personalisation. Excess content must be avoided, but at
the same time the user must get an interesting, up-to-
date and useful service from his/her personal point of
view. User needs for personalisation are discussed in
Sect. 5.4.

5.3.2 Detailed search options

When evaluating the Yellow Pages service, one person
was looking for a restaurant with a dance floor, another
for a vegetarian restaurant, and a third for a moderately-
priced lunch restaurant. In our trial, the Yellow Pages
service made no distinction between different kinds of
restaurants. The probability of satisfying the user need
in the search was near to chance. When getting infor-
mation about gasoline stations with Sonera Bensa
(Gasoline), the users in the evaluations said that in many
situations they would have a greater need for informa-
tion on the nearest or next gasoline station on the route
than on the cheapest one provided by the service.

Vindigo provided shopping guidance by classifying
the shops into women, music, sports, electronics etc. On
the basis of our user interviews and evaluations, this
kind of classification seems to be on too general a level.
The users would benefit more from a classification based
on the items that the user is looking for, e.g. tennis
shoes, music scores or mobile phones.

Location-aware guidance services should provide
accurate searches, both at the level of the search criteria
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and the classification of information. Similar needs have
been identified in mobile services in general [12].

5.3.3 Planning versus spontaneity

An important issue is whether the user needs the infor-
mation when (s)he is at the given location, before getting
to the location, or when planning the visit. Some in-
formation or options may be needed only after the visit.
Flexibility of use requires that the services should sup-
port both pre-trip planning and on-route information on
occasionally found points of interest. In general, the user
should be able to utilise the services without any pre-
made plans.

Our scenarios of use presented active users who plan
their visits carefully and configure their devices accord-
ingly. While travelling around, the users are ready to
fine-tune the settings and respond to all kinds of inqui-
ries from other travellers or service providers. The same
attitude could be recognised in some of the evaluated
services. This is partly because of the slow mobile net-
works that require the user to pre-load the necessary
maps and other information using faster fixed-line con-
nections. In practice, people may not be willing to spend
their time on something from which they do not get
immediate benefit. In particular, people tend to be busy
while on holiday; they do not want to waste a single
minute of their holiday time.

In the user evaluations, most users thought that they
would use location-aware services occasionally and
mainly in unfamiliar environments or in emergency sit-
uations. These needs indicate that the services should be
easily available when the spontaneous need for them
arises. The services should be easy to find, easy to take
into use and use thereafter.

The users in our interviews said that location-aware
systems should not lead to a predestined and over-con-
trolled environment. The user should feel and be in
control. Similar needs have been identified in other
studies as well. Cheverst et al. [6] state that the user
should be able to override the recommendations of the
system. Fano [9] and Espinoza et al. [13] point out that
the user should have the alternative of using the system
in an explorative way, i.e. having a look around without
any predefined goals.

5.4 Personalisation

5.4.1 Personal options and contents

The contents of the evaluated services were quite limited
and thus it is understandable that the services did not
include any personalisation options. However, when the
users in the evaluations described the kinds of infor-
mation that they were missing from the services, it was
evident that there are personal variations in preferences
for both the contents and the presentation.

Also, location-awareness as such seemed to create an
impression of personal entry to the service, e.g., quoting
one of the test users of Sonera Pointer: ‘‘Does this phone
know that we are in Tampere?’’

Personalisation in location-aware services is a good
way of improving the usability of the services by pro-
viding the most essential information and the most
probable options easiest available. Earlier studies on
personalisation [14–16] indicate that, although the users
were interested in personalised services, the motivation
to actually do something for this is often quite weak.
Hollensberg and Vind Nielsen [17] suggest that with
WAP (Wireless Application Protocol), personalisation is
a highly advanced feature, which WAP users will explore
and use later, if ever. On the other hand, Ramsay and
Nielsen [18] point out that personal and localised ser-
vices are where WAP should be able to make an impact.
It is a big design challenge to design personalised loca-
tion-awareness so that it does not require too much
effort on the part of the users.

The user may personalise the system according to his/
her preferences but if the preferences are different in
different locations, configuring the system for all these
locations becomes a major task. Ways of assisting the
user in the personalisation of the system are worth
considering. Cheverst et al. [19] point out the need to
make the user profile persistent, enabling the use of the
same profile with other services as well, e.g. in the next
city to be visited. Collaborative filtering can be used to
identify similar users and to adapt the system according
to the group profiles. The user should also be able to use
the same profile with different devices.

5.4.2 User-generated contents

Far too often users are seen as passive information con-
sumers.However, letting the users participate andprovide
their opinions and recommendations could enhancemany
services. Such contents may enrich the service, bringing in
additional users and encouraging a sense of community
among users. The dynamically changing information
generated by other users at a particular location may be
better suited to the needs of the next visitors than a more
general type of information that is provided externally.
The users would also benefit from the possibility to store,
access and share with others their own location-based
information: notes, photos, etc. [13,20,22]. The systemcan
also identify locations frequently visited by the user and
then assist the user in associating information with these
places [22]. Shared contexts can encourage a sense of
community among visitors [19].

In the user evaluation of the Benefon Esc!, the users
appreciated the possibility to generate and store their
own information related to locations that were person-
ally important to them. In the group interviews, infor-
mation provided by other visitors at the same place was
deemed interesting. However, most users did not accept
the idea of being contacted by strangers.
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5.5 Seamless service entities

5.5.1 Consistency

With the Sonera Pointer Services, a number of usability
problems arose because of inconsistencies in different
Pointer services. The logic employed to navigate back-
wards in the services did not stay the same in different
parts of the services. Some pages were organised so that
links to the previous and front page were in the middle
of the page. Most users did not notice that the page was
continuing after those links. In one test task, the users
got information on age distribution in the city of Tam-
pere from Pointer Fakta (Facts). When reading the long
list on a small screen, the users easily lost the focus and
could not say which information was belonging to which
age class. In this kind of lists, individual data fields
should be marked consistently.

When the choice of services grows, and since the
contents may come from several separate service pro-
viders, consistency becomes even more important. The
user learns to use the services more easily when the
information contents and structure remain similar in the
different services. When travelling abroad, the user
would appreciate familiar-looking services that are
consistent with the services that (s)he is using at home.
The internationalisation and localisation of location-
based services is challenging because the local services
will probably have both local users and domestic as well
as foreign visiting users [21].

5.5.2 Seamless solutions support the whole user activity

In our evaluation, some of the evaluated products
were designed for route guidance and some for loca-
tion-aware services. On the one hand, when using
route guidance services, the users often missed infor-
mation about places and nearby services. On the other
hand, when using location-aware services, the users
expressed a need to get route guidance to the place of
interest. They also wanted to have easy access to
phone numbers, e.g. the possibility to call the given
hotel to make a reservation. Ideally the user should
see all the necessary information for a given task in a
single view. The information and the options should
be accessible directly from the point in the service
where the need for that piece of information or option
arises. The design should aim for a seamless solution
whereby the user is supported throughout the whole
usage situation.

Cheverst et al. [6] point out the need to be able to use
the mobile system both on and off line. Connectivity
affects functionality, e.g. the availability of interactive
services. In our evaluations we identified similar needs –
the connection may not always be on, but nevertheless
the user should be provided with as much functionality
as possible. For example, the users of Sonera Pointer
wanted to save the search results for later reference.

5.6 Privacy

Privacy protection in location-aware services is related
to the right to locate a person, use the location, store the
location and forward the location. Current legislation is
the basis for privacy protection but social regulation can
also create rules and norms for different situations in
which location-aware services are used [23]. Espinoza
et al. [13] emphasise the right of the user to remain
anonymous. Marmasse and Schmandt [22] suggest that
problems with privacy could be avoided by performing
location tracking and analysis solely on the client device.
Ljungstrand [24] and Ackerman, Darrel and Weitzner
[23] point out the trade-off between privacy intrusion
and user benefit. They think that, if the benefit is per-
ceived as large enough, some degree of privacy loss will
probably be accepted. Continuous requests for permis-
sion may overwhelm the users and may disturb the user
in his/her activity.

The World Wide Web Consortium (W3C) has de-
fined the Platform for Privacy Preferences Specification
(P3P). This specification allows web browsers to inter-
pret the privacy practices of the Web sites and compare
these with the predefined user preferences for privacy.
Then the user does not have to consider privacy issues
separately with each individual Web site [25]. This kind
of approach could also be utilised with location-aware
services.

Privacy can also be affected by the selected input/
output modes of the system. Speech-based interaction
may create privacy problems when used in public places
[22]. Bisdikian [26] points out that using public terminals
as private displays may also create privacy problems.

In our group interviews, people were worried about
their privacy and the ‘‘big brother’’ phenomenon when
considering services enabling people to be located.
However, the interviewees were not worried about pri-
vacy issues with location-aware services. It did not occur
to most of the interviewees that they could be located
while using the service. If they did understand this, they
seemed to put a great deal of faith in the current telecom
operators: ‘‘The telecom operators will guard that kind
of information. They already have all kinds of infor-
mation about me but do not distribute it around’’. It was
also commented that there would be regulations and
legislation protecting those who use location-aware
services. The danger of someone somehow abusing their
knowledge of the user’s location came up only occa-
sionally in the group interviews. In the Sonera Pointer
evaluation, two users spontaneously mentioned invasion
of privacy as a potential threat in location-aware
services.

The location-aware services should inform the users
of what kind of data is collected, how is it used and who
has access to it. The faith that the users have in the
technology, the service providers and the policy-makers
should be regarded highly. Any abuse of personal data
can betray that trust and it will be hard to win it back
again. The user should be able to flexibly control the
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release of private information such as his/her location at
a given time. The user should be allowed to remain
anonymous when (s)he wants.

6 Conclusions

Mobile contexts of use vary a lot and may even be
continuously changing during use. The context is much
more than location, but its other elements are still dif-
ficult to identify or measure. Location information is
becoming an integral part of different mobile devices.
Current mobile services can be enhanced with location-
aware features, thus providing the user with a smooth
transition towards context-aware services. Potential
application fields can be found in areas such as travel
and tourist information, shopping, entertainment, event
information and different mobile professions.

Our interviews with potential users and the user
evaluations of some of the first location-aware services
point out that user expectations are high and that the
users in Finland at the time of the evaluations trusted
current service providers and policy-makers for issues
related to privacy protection. This constitutes a good
starting point for location-aware services. It did not
occur to most users that they could be located when
using location-aware services. This puts additional re-
sponsibility on the service providers and policy makers.

Our results highlight the need for comprehensive
services, in terms of geographic coverage, breadth
(number of services included) and depth (enough infor-
mation on each individual service). The selection of
contents and options should cover the different needs of
individual users and the user should be given a realistic
description of the coverage of the service. The need for
topical information is high: the users can get static in-
formation from elsewhere before starting off on their
journey. User needs may be related to the past, current
or planned location and each user may have personal
preferences about what (s)he needs in the different usage
situations. The users need seamless service chains that
serve them throughout their mobile activity, e.g. plan-
ning, searching services, finding the route as well as
visiting and storing information.

The evaluation results point out the need for spon-
taneous and occasional use. The services should be easy
to find, and it should be easy to get an overview of the
available services as well as their coverage, and services
should be easy to take into use and use thereafter.

The willingness of users to be active should not be
overestimated. Although the users would benefit from a
personalised service, they may not be ready to define a
profile separately for each service and each context of
use. On the other hand, users may want to participate in
the content creation instead of being passive information
consumers. Users want to create and store their own
location-aware data and they may be willing to share
this data with others.
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User acceptance of location-aware mobile guides based on seven
field studies

E. KAASINEN*

VTT Information Technology, PO Box 1206 (Sinitaival 6), FIN-33101 Tampere, Finland

Location-awareness provides mobile users with topical and personal contents that may

increase the appeal of mobile guides in different application fields. Based on the results of

seven field studies, this paper identifies factors of usability, utility and user trust that

affect the user acceptance of location-aware mobile guides. The results indicate that on-

the-move use sets high requirements for ease-of-use and, in particular, ease of taking the

services into use. The need for location-aware mobile guides turned out to be occasional,

but in many of those occasional usage situations the guides proved extremely useful. The

trade-off between privacy protection and effortless use requires careful consideration,

even though in these studies the users turned out to be trusting towards the service

providers. The results indicate that location-awareness can provide the users with easy-to-

use and situationally relevant mobile guides.

1. Introduction

Mobile devices provide good platforms for different

guidance services. Potential application fields can be found

in areas such as travel guidance, tourism services, shopping

and event information. In this paper a mobile guide refers

to a mobile device running an application or service

providing guidance information or functions. A guidance

service refers to the application or service apart from the

device platform.

Varying contexts of use are typical for mobile services.

Utilising information about the context of use provides a

basis for new types of mobile services that are not just mere

duplicates of fixed network services but services that are

specifically intended for mobile use. These services can give

the user quick access to the information or services that s/

he needs in his/her current context of use. Services can even

be activated automatically according to the identified

context.

A system is context-aware if it uses context to provide

relevant information and/or services to the user, where

relevancy depends on the user’s task (Dey 2001). The

location of the user is one of the few elements of the context

that currently can be measured fairly accurately, depending

on the positioning system in use. In this paper, location-

aware services are defined as context-aware services that

utilise the location of the user to adapt the service

accordingly. In mobile guides, the information and service

needs often depend on the location of the user, thus

providing potential for location-awareness.

In the following, the results of seven field studies of

different location-aware mobile guides are analysed and,

based on the analysis, key factors that affect user

acceptance of location-aware mobile guides are identified.

According to the Technology Acceptance Model (TAM) by

Davis (1989), user acceptance of technology is built on

perceived ease of use and perceived utility. In this study,

user trust is added as the third element of acceptance,

indicating how confident the user feels about using the

technology in real usage situations. Fogg and Tseng (1999)

define trust as an indicator of a positive belief about the

perceived reliability of, dependability of, and confidence in

a person, object or process. Shneiderman (2000) refers to

the definition of trust by Fogg and Tseng and further

emphasises that trust is about expectations of the future.

Shneiderman defines trust as the positive expectation a
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person has for another person or an organisation based on

past performance and truthful guarantees. In this paper,

user trust is defined according to Fogg and Tseng (1999).

User trust includes elements such as perceived technical

reliability, user trust in him/herself being able to control the

technology and user trust that the technology does not

include any unwanted features, e.g. related to privacy

protection.

The research was carried out as a part of the Personal

Navigation Research and Development Programme

(NAVI) in Finland (Rainio 2000). The aim of the

programme was to facilitate cooperation between different

actors who were developing personal navigation products

and services. Within a horizontal usability support project,

our research group carried out usability case studies with

the projects of the NAVI programme. The aim was to

support the individual projects and, beyond this, to identify

guidelines for acceptable personal navigation services.

2. Related research

Context-awareness can be implemented as an adaptation of

the user interface or the contents of the service. Both

approaches can be utilised in mobile guides. A context-

aware user interface can select the appropriate modes for

service interaction. A context-aware user interface can also

be implemented, e.g. as context-aware text prediction

(Ancona et al. 2001) or a location-aware remote control

for the environment (Fano 2001). A major challenge for the

context-aware user interface is that the context may be

continuously changing. This raises the problem of integrat-

ing changes into the user interface in such a way that the

user remains in control (Cheverst et al. 2000).

In previous research, context-aware guidance services

have been studied in application areas such as tourist

guidance (Cheverst et al. 2000), exhibition guidance (Bieber

and Giersich 2001), event information (Fithian et al. 2003)

and shopping (Fano 1998). These studies indicate that in

well-focused application areas it is possible to predict the

other elements of the context according to the location of

the user. Mobile guides are often designed for focused user

needs and contexts of use and are thus good candidates for

utilising location-awareness.

During the first phase of our project in 2001, we

interviewed different focus groups and evaluated some of

the first commercially available personal navigation pro-

ducts and services. Based on these studies, we identified key

user needs for location-aware services: topical and com-

prehensive contents, smooth user interaction, personal and

user-generated contents, seamless service entities and

privacy protection (Kaasinen 2003). The results of these

studies formed a good basis for further studies in

connection with the design of more advanced mobile

guides.

The need for comprehensive studies on user needs and

user acceptance of mobile services has been identified by

other researchers as well. Sarker and Wells (2003) claim

that mobile devices and service manufacturers continue to

produce wireless handheld devices based on quite abstract

conceptions of what the ‘generalised’ mobile user might

value and desire. According to them, a clear understanding

of the motivations and circumstances surrounding mobile

device use and adoption from the perspective of the

consumers themselves is still missing.

In their study of Internet and Wireless Application

Protocol (WAP) enabled mobile phones, Teo and Pok

(2003) identified personalisation and convenience of use as

key success factors of mobile Internet services. They claim

that convenience of use can largely be achieved by time-

and context-sensitivity. Barnes and Huff (2003) have

applied the Technology Acceptance Model to understand

why the Japanese mobile Internet solution, iMode, has

become so popular in Japan. According to their study, key

success factors include relative advantage compared to

other alternatives for Internet access, low costs, simple and

intuitive interface, compatibility with the user’s previous

experiences with phone usage, trialability and observability

(seeing how other people use the system) as well as the good

image of the service provider (NTT DoCoMo) and user’s

trust in this well-known brand. In addition to usability,

utility and trust, these success factors include factors

affecting the social acceptance of the services. In the iMode

case, individual success factors may be culturally specific

but the classification can be applied more widely.

3. The empirical studies

This paper refers to a series of field studies that we carried

out together with the projects of the NAVI programme.

Our aim was to identify factors that affect the user

acceptance of location-aware guidance services. The find-

ings could then be utilised as guidelines for designing other

location-aware mobile guidance systems. Because we were

dealing with prototype services and relatively small user

groups, the research focus was on the attitudes of

individual users rather than on social acceptance. The field

studies were selected so that they represented different types

of services, from simple Short Message Service (SMS)

based services to mobile Internet service entities. Maps and

route guidance are important complementary information

for location-aware guides and that is why two case studies

were focused on these issues. The studies included three

short-term field evaluations, two long-term field evalua-

tions, one case study with field interviews and one survey

study. Table 1 gives an overview of the case studies.

The device platforms in the field studies included mobile

phones, media phones with larger colour screens (Nokia

7650) and personal digital assistants (Compaq iPaq). The
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media phones were operated by a joystick with five-way

navigation, whereas the PDAs had touch screens with

stylus. The positioning methods included GPS and cell-

based positioning. The test users in the field evaluations

and interviews were members of the general public; they

represented both sexes, different age groups and different

backgrounds. Table 2 gives an overview of the test users in

the field evaluations.

The evaluated services and service platforms were

different, but table 2 aims to classify the users in each field

evaluation into three groups, depending on how experi-

enced the users were with the device platform or the service

type. Most users were inexperienced or had only some

experience. The users received thorough guidance on how

to use the devices so that in the evaluations they were not

distracted by problems related to device usage but could

concentrate on using the services to be tested. For the same

reason, we selected for the SMS service evaluations (field

studies 1 and 2) users who were at least somehow familiar

with mobile phones and SMS usage; for the WAP

evaluations (field study 3) we selected users who were at

least somehow familiar with the Internet. In the relatively

small user groups, we could not identify usability problems

related to user gender or age.

Table 1. The field studies.

No. Evaluated services No. of users User device Usage environment Method

1 Location aware SMS

services: service directory,

event calendar and route

guide

6 User’s own mobile phone City centre Two hour field evaluation

2 Weather and road conditions

by SMS

10 User’s own mobile phone Highway One month field evaluation

3 Location aware integrated

service directory: several

service directories, event

directory, maps

7 Media phone (Nokia 7650) Different cities Three week field evaluation

4 Mobile topographic maps 6 PDA (Compaq iPaq) Nature park Three hour field evaluation

5 Mobile 3D maps 6+4 PDA (Compaq iPaq) City centre Laboratory evaluation and

two hour field evaluation

6 Location aware tourist

information

300+70 Mobile phones and PDAs Ski resort Web survey and survey at the

ski resort

7 Scenarios of context aware

consumer services

28 Mobile phones and PDAs Bowling hall, cafe, concert

hall and similar urban public

places

Interviews in anticipated

contexts of use

Table 2. An overview of the test users in the field evaluations.

No. Evaluated services No. of users and ages Inexperienced Some experience Experienced

1 Location aware SMS

services: service directory,

event calendar and route

guide

6 users ages 25 55 2 users had never used

value added SMS

services

3 users had tried SMS

services a few times

1 user had been using

SMS services weekly for a

few years

2 Weather and road

conditions by SMS

10 users ages 31 52 2 users had never used

value added SMS

services

5 users had been using

SMS services

occasionally

3 users were often using

SMS services

3 Location aware

integrated service

directory: several service

directories, event

directory, maps

7 users ages 25 54 All users were unfamiliar

with mobile Internet on a

phone

All users had at least

some experience of Web

usage

2 users were very

experienced mobile

phone users

4 Mobile topographic maps 6 users ages 24 60 4 users had not used a

PDA or GPS before

1 user was using a PDA

monthly and GPS

occasionally

1 user had before been

using PDA daily and had

tried GPS once

5 Mobile 3D maps 4 users ages 27 54 1 user had not used a

PDA or 3D models

before

2 users were sometimes

using a PDA and had

been using 3D models but

not often

1 user was using a PDA

regularly, but rarely 3D

models
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Field studies 1 and 2 dealt with SMS-based services. In

field study 1, we evaluated a service entity that consisted of

a location-aware service guide, a location-aware event

calendar and a route guide, each being a separate SMS

service. The user could search for services or events nearby

or close to a given address, and get route guidance as

written turn-by-turn instructions. Field study 2 was carried

out in cooperation with the Finnish Road Enterprise. The

pilot service provided location-aware weather and road

condition information upon user request (figure 1). The

service was operational on Highway 1, between Helsinki

and Turku (two major cities in Finland). Usage data was

logged and the test users were interviewed before and after

the trial (Rämä 2003). Field studies 1 and 2 demonstrated

the possibilities of current SMS-based mobile services that

can be provided to practically all currently available mobile

phones. These services were easy to adopt, but remember-

ing the key words and inputting them caused usability

problems (Södergård et al. 2003).

Field study 3 dealt with a mobile Internet service entity

that provided the users with location-aware access to

different service directories and databases (figure 1). The

service entity also included access to a map service and to a

location service from where user location could be

retrieved, irrespective of the positioning method in use on

the user’s device. In the field trial, we used cell-based

positioning and WAP (Wireless Application Protocol)

enabled mobile phones. This case study demonstrated the

possibilities of current mobile Internet services and

integration of different services into a comprehensive

service entity. The users appreciated the versatility of the

service entity but the complexity of the service architecture

caused problems in starting and learning to use the service

as well as in coping with error situations (Kaasinen et al.

2003b).

Field studies 4 and 5 dealt with route guidance. In field

study 4, mobile, adaptive topographic maps (figure 1)

were evaluated in a nature park in Finland with six users.

The participants used topographic maps and GPS

positioning on PDAs as part of a guidance system (Nivala

et al. 2003). In field study 5, mobile route guidance was

provided in the form of 3D city models. User evaluations

were carried out first in laboratory conditions and later in

the city of Helsinki with four test users (Kulju and

Kaasinen 2002). These studies, as well as field study 3,

which also included maps, showed that maps are essential

elements in location-aware services. Even if the realistic

3D city models facilitated route guidance in field study 5

by providing easily recognisable landmarks, the users

readily referred to traditional maps to get an overview of

the environment. The results of field studies 3, 4 and 5

indicated that map information needs varied largely

according to the user and the context of use. Personalised

and context-aware contents and presentation of mobile

maps could make the maps much more useful and

functional for the users.

The aforementioned five field evaluations were comple-

mented with survey studies (field study 6) and contextual

Figure 1. The device platforms included mobile phones, media phones and PDAs. From left: an SMS-based road condition

guide on a mobile phone (Nokia 6210; field study 2), a location-aware service directory on a media phone (Nokia 7650; field

study 3) and a topographic map on a PDA (Compaq iPaq; field study 4).
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interviews (field study 7). Field study 6 identified user needs

for location-aware and personalised tourist information in

a traveller service targeted at Levi ski resort in northern

Finland. The results of a web survey of potential Levi

visitors (300 interviewees) and a survey study at the Levi

resort (70 interviewees) were analysed in design walk-

through meetings. The meetings brought together experts

on technology, usability, legislation and ethical issues.

Already the active response to the survey revealed that

tourists were keen on location-aware and personal tourist

information services (Kaasinen et al. 2003a). The results of

the survey indicated needs for community-based services

for regular visitors to Levi but also needs for more

traditional guidance for newcomers. During the peak

season, the main need for location-aware guidance was to

make reservations, e.g. at rental services and restaurants.

At other times of the year, the focus shifted to obtaining

information on special offers and opening hours. User

needs for context-awareness were also identified in

connection with the phase of the holiday. The tourists

would need the service in slightly different forms before,

during and after their holidays, and context-awareness

could provide them with situationally relevant information

and services.

In field study 7, contextual interviews were carried out to

identify how people describe different contexts in their lives,

how location is related to these contexts, and what the

information and communication needs in those contexts

are (Kolari and Virtanen 2003). Twenty-eight people

representing different and partially overlapping user groups

were interviewed. The interviews took place in real contexts

typical for the group, e.g., a bowling hall, a cafe and a

music event. The results of this study showed that there are

contexts of use that can be identified automatically based

on time and the location of the user, especially contexts

related to events, public places and workplace environ-

ments. It seems that location-aware guidance services have

good potential in these fields.

Rather than presenting the detailed results of each field

study, this paper will outline the bigger picture revealed by

the studies. The following chapters will outline key factors

affecting user acceptance of location-aware mobile guides,

based on the combined results of the field studies and

classified as findings on usability, utility and trust.

4. Findings on usability

4.1 Facilitating momentary usage sessions on the move

In all the field evaluations it became evident that location-

aware guidance services were not just mobile in the sense

that they could be carried with the user, but that they were

often really used while on the move (figure 2). The user

should be able to devote his/her attention to his/her main

task of moving, and using the service should not require too

much attention. The mobile phones used in our trials were

designed for one-hand use, which made them easier to use

while moving. Using a PDA proved more difficult because

its use required both hands and the stylus easily got lost in

mobile use (Nivala et al. 2003).

The usage sessions were typically not continuous but the

users occasionally wanted to re-access the service. The

mobile devices used in the case studies did not have a

function allowing the input to be locked in the middle of a

usage situation. This caused problems when the user

wanted, for instance, to concentrate on other activities

and put the device into his/her pocket in the middle of a

usage session (Kaasinen et al. 2003b, Nivala et al. 2003). In

line with our findings, Fithian et al. (2003) emphasise the

importance of task resumability and point out that, in

particular, the soft keyboard of the PDA is not suited to

on-the-move use.

4.2 Effortless user input by complementary input methods

User input is one of the most demanding tasks in mobile

services. Text input turned out to pose the most serious

usability problems in the field evaluations (Kaasinen et al.

2003b, Södergård et al. 2003). On-the-move use made the

already cumbersome input of text even worse. In field

studies 1 and 3, the participants used text input for

addresses and search terms. This kind of user input is

typical for mobile guides. The street names were often

long and tedious to write and sometimes the users had

problems in spelling them. The same problems were

encountered with search terms, although not as often. In

both studies, the users were often unsure of what they

could search for, and in which form they should input the

search term. Five out of the seven test users in field study

3 said that instead of writing the search term they would

have preferred to pick a service class from a ready-made

list (Kaasinen et al. 2003b).

Chae and Kim (2004) found out in their study of

mobile Internet usage on mobile phones that as screen

sizes are reduced, the horizontal depth of navigation paths

has a considerable negative effect on usability. The

negative effect increases drastically with more complicated

user tasks. In mobile guides, the horizontal depth of the

navigation paths easily increases if the user is provided

with detailed alternatives, e.g. Shopping/Clothes/Women/

Casual. Although mobile Internet usability guidelines

recommend minimised text input, other recent studies

suggest that users may prefer keyword search to naviga-

tion with links that may introduce complicated navigation

paths (Kaikkonen and Roto 2003). Our results indicate

that instead of simply minimising text input, a more

comprehensive view of effortless user input is needed.

Ready-made selection lists are especially useful when the
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user is getting acquainted with the service, whereas

experienced users may prefer text input (Kaasinen et al.

2003b, Södergård et al. 2003). Preferably, both alterna-

tives should be available. Text input should be predicted

and interpreted to correct misspellings and to make input

less tedious. Location-awareness itself could also be

utilised in text input, as suggested by Ancona et al.

(2001). For instance, nearby streets or the most popular

search terms at a certain location could be suggested to

the user.

4.3 Mobile maps and unambiguous route guidance are

essential elements in mobile guides

Recent studies of mobile services (Bornträger et al. 2003,

Fithian et al. 2003, Kaasinen 2003) suggest that users

Figure 2. On-the-move use was often quite demanding.
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appreciate service entities where maps complement loca-

tion-aware services. There are already a number of systems

supporting the display of maps on mobile devices but these

systems are mainly focused on the presentation of

traditional maps on small screens. Patterson et al. (2003)

point out that maps on mobile devices have potential for

many new features beyond mere presentation of maps on a

small display. Brown and Perry (2002) claim that maps on

mobile devices do not need to be just ‘handy’ representa-

tions of space but could allow a variety of re-

representational capabilities, tuning the spatial representa-

tion to the user’s needs at that moment. As examples,

Brown and Perry name overlaying information onto

objects in the environment and integrating user-generated

information into places.

In field study 4, which was focused on mobile topo-

graphic maps, the users appreciated the possibility of using

the map as a user interface. However, this two-fold role

also caused usability problems (Nivala et al. 2003). For

example, when the user pointed to a target on the map, it

was not clear whether s/he was showing the target to a

friend, whether s/he wanted to get more information about

the target, or whether s/he just wanted to scroll the map in

that direction. Utilising fluently interactive maps would

have required more learning than was possible in our short

field evaluations.

On the small screen, only a small proportion of the map

could be shown at a time (figure 3). Parts of street names

were truncated or they were not displayed at all. Also, the

users had problems in associating the small map with the

larger map entity (Kaasinen et al. 2003b, Nivala et al.

2003). This would have required additional identification

information on the map, such as the name of the city

district or indication of landmarks outside the map.

The users appreciated the different map levels available.

A large scale was needed when following a route, whereas a

small scale was needed to get an overview of the

environment, the route or nearby points of interest

(Kaasinen et al. 2003b, Nivala et al. 2003). The results of

field studies 3 and 4 indicated the need for personalised and

context-aware map presentations: the users had different

preferences in the information that they would have liked

to see on the map and these preferences were often related

to their current context of use. For instance, in the nature

park in field study 4, experienced outdoor people wanted to

travel independently, and therefore needed detailed terrain

information on the move (Nivala et al. 2003). People

travelling with small children needed estimates of the

difficulty of the guided routes available as well as detailed

information about services available on the route.

In our field evaluations, the users got route guidance as

textual directions (field study 1), maps (field studies 3 and 4)

and routes in a 3D-city model (field study 5). On the route,

the users needed information about the direction, the

distance to the next turn, where to turn next and the total

distance to the destination. The route guidance did not

succeed in being unambiguous in any of these studies

(Kulju and Kaasinen 2002, Kaasinen et al. 2003b, Nivala et

Figure 3. Typical usability problems on small maps: not all street names are shown and it is not easy to recognise the

district.
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al. 2003, Södergård et al. 2003). The textual guidance in the

SMS route guide worked well but the users pointed out that

they would appreciate simplicity of the route more than an

optimally short route with a lot of turns (Södergård et al.

2003). Starting on the route was the most critical phase of

the route guidance. In the SMS service, the starting

direction was expressed as a point of the compass, e.g.

‘Go west along Mikonkatu Street for 200 meters’ but in the

real environment quite a few users did not know which way

was west, not even in familiar regions (Södergård et al.

2003).

With mobile maps and cell-based positioning, the user

could see his/her location and the destination on the map.

Due to inaccurate positioning, the actual location of the

user was sometimes on the edge of the map, where it was

not easy to recognise (Kaasinen et al. 2003b). The users

suggested e.g. a circle surrounding their location on the

map to indicate the estimated accuracy of the location.

Feedback on accuracy was especially important because it

turned out that the users had quite unrealistic expectations

of the positioning accuracy of cell-based positioning

(Kaasinen et al. 2003b). With GPS positioning the user

saw his/her own location on the map quite accurately, as

well as his/her progress along the route. However, not even

GPS positioning accuracy was adequate enough for

unambiguous start-up on the route (Kaasinen et al.

2003b, Nivala et al. 2003). This would have required the

user to be located on the right side of the street on the map.

In their studies of location-based games, Benford et al.

(2003) suggest two strategies to cope with inaccurate GPS

positioning: hiding uncertainty or revealing uncertainty. By

hiding they mean correcting automatically unacceptable

positions, e.g. from inside a building to one side of the

building. Revealing uncertainty can be done e.g. by colour-

coding maps to indicate good and bad areas for GPS

positioning. Both strategies could also be utilised in mobile

guides.

Orientation information is important in addition to the

location. The GPS devices in our field evaluations provided

orientation information only when the user was moving

because the devices did not include a separate compass.

Unfortunately, the orientation was needed most when

standing still and trying to decide which way to start

walking (Kaasinen et al. 2003b, Nivala et al. 2003,

Södergård et al. 2003). Continuous orientation information

would be especially useful to provide the user with explicit

guidance to start on the route. Today many GPS devices

already include a separate, integrated compass, making

them more useful in route guidance.

The 3D city model (field study 5) provided easily

recognisable landmarks that helped the user to recognise

his/her location on the route. The users utilised e.g. the

colours, materials or shapes of buildings as landmarks to

locate themselves in the 3D model (Kulju and Kaasinen

2002). Landmarks could be utilised with traditional maps

as well. The types of good landmarks varied by user,

environment and task. In our studies, parks turned out to

be good landmarks in cities (Kulju and Kaasinen 2002),

whereas in the nature park, man-made constructions like

bridges and campfires were favoured (Nivala et al. 2003).

Even landmarks outside the actual map area could be used

to help the user to locate the small map on the screen in the

actual environment.

5. Findings on utility

5.1 User attitudes indicate good potential for location-

aware mobile guides

In all the evaluations, the users were quite keen on location-

aware guides. Service and event guides were found useful

and the users commented positively on the detailed

information provided, such as ticket price, contact infor-

mation and distance (Kaasinen et al. 2003b, Södergård et

al. 2003). The users of the weather and road condition

service (field study 2) had several ideas to enhance the

service concerning the traffic situation, route guidance, gas

stations, maintenance actions, forecast for the next day and

so forth (Rämä 2003). In field study 6, both newcomers and

regular visitors pointed out different kinds of information

that they considered very useful in the skiing resort guide

(Kaasinen et al. 2003a).

In the contextual interviews (field study 7) event

information was appreciated by all users. They were keen

to access topical information such as news and changes to

event programs. The need for such information increased

with the geographical spread and/or timescale of the events.

The younger interviewees liked the idea of peer messaging

that let them participate in content creation instead of

being just passive information consumers (Kolari and

Virtanen 2003). In the survey at the ski resort (field study

6), the users broadly liked the idea of peer messaging

through a public bulletin board available on ski resort

monitors, accessible by personal mobile phones (Kaasinen

et al. 2003a).

5.2 Usage needs are typically spontaneous and occasional

User feedback and the results of the field trials indicated

that the need to use location-aware guides was quite

occasional. For instance, in field study 2 (road conditions)

the number of usage sessions per user varied from 2 to 50

during the one-month trial (Rämä 2003), and in field study

3 (integrated service directory) from 5 to 20 during the

three-week trial (Kaasinen et al. 2003b). Occasional usage

is understandable: route guidance is needed when travelling

in unfamiliar regions; event information is related to a

particular occasion that may last a few days or weeks at
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most. Some services are available only in certain locations.

Occasional usage requires the services to be easily available

on standard phone and PDA platforms rather than

providing the users with dedicated mobile guidance devices.

Occasional usage also requires ease of taking the service

into use. The first-time use of a service involves finding out

about the existence of the service, assessing whether and

how the user could utilise the service, installing it and,

finally, using it. All this should be made effortless for the

user in the spontaneous situation in which s/he feels

motivated to start using the service.

The usefulness of the services should not be assessed by

the usage figures only. In our evaluations, although the

usage was occasional, the users assessed the guidance

services as being very useful in many of those occasional

usage situations (Kaasinen et al. 2003b, Rämä 2003,

Södergård et al. 2003).

5.3 Location predicts the context of use in mobile guides

Context is much more than location and time, but in field

study 7 we wanted to study the extent to which these

attributes can be used to predict the usage context in

different environments. In the interviews, we were able to

recognise some common contexts that most users described

in a similar way and that could largely be related to certain

locations (Kolari and Virtanen 2003). These common

contexts were ones related to landmarks, city areas, sport

fields or event venues. These contexts of use could often be

recognised by the user’s location and, due to the nature of

the contexts, they provide possibilities for context-aware

guidance services.

The results of the other field studies also indicate that

location is the key element of the context of use in mobile

guides (Kaasinen et al. 2003a,b, Nivala et al. 2003,

Södergård et al. 2003). Location as such or together with

time can in many cases indicate the context of use.

5.4 Users need comprehensive service entities

In their foundational studies of groupware adoption,

Grudin and Palen (1995) pointed out that adoption can

succeed without mandated use. Groupware features, some

of which provided benefits to individuals, attracted a

critical mass of users. After reaching a critical mass of

users, social pressure by peers and others started extending

the service usage. In services targeted at consumers,

mandated use is out of question. Sarker and Wells (2003)

point out the importance of critical mass in service

adoption, both in terms of the number of users in the

user’s social network and sufficient number of services. In

our earlier studies (Kaasinen 2003), we also identified the

importance of comprehensive service entities that support

the user throughout his/her task and include a critical mass

of points of interest as well as enough information about

each individual point of interest.

In field study 3, the users appreciated the comprehen-

siveness of the service contents: the wide selection of points

of interest, broad information about each individual point

of interest, and the completeness of the service (Kaasinen et

al. 2003b). The primary need of the users was to get access

to an adequate amount of information and services. When

sufficient content was available, the users wanted to get

easy access to personally relevant information. Systems

that adapt according to the user’s previous behaviour or

utilise group profiles will not require much user effort and

may thus be successful personalisation solutions. In field

study 6 at the skiing resort, we found that the same user

may need quite a similar guidance service at other skiing

resorts as well (Kaasinen et al. 2003a). The user would

benefit if s/he could export his/her user profile from one

service to another. As proposed by Cheverst et al. (2000),

the user would benefit if s/he could export his/her user

profile from one service to another instead of defining the

attributes separately, e.g. for different city guides.

6. Findings on user trust

6.1 Solving trade-offs between effortless use and privacy

protection

Privacy protection in location-aware services is related to

the right to locate a person, use the location, store the

location and forward the location. The legislation in most

countries requires the user’s permission before s/he can be

located. This is the basis for privacy protection, but social

regulation can also create rules and norms for different

situations in which location-aware services are used

(Ackerman et al. 2001). In practice, trade-offs between

privacy protection and effortless use need to be resolved.

The more seamless and easy the use of a location-aware

application gets, the fewer the cues required to remind users

that their location is being monitored (Barkhuus and Dey

2003, Kaasinen 2003). The user should be reminded that s/

he is being located but this should not require excessive user

effort, e.g. in the form of acceptance requests. Barkhuus

and Dey (2003) point out the trade-off between usefulness

and lack of control. They claim that the more useful the

user considers the system, the more s/he may be willing to

give away control. Giving away user control should be

voluntary and definitely not ‘the price of usefulness’.

In the contextual interviews of field study 7, getting

information about other people’s location was considered

intrusive (Kolari and Virtanen 2003), similar to previous

studies (Cheverst et al. 2000, Fithian et al. 2003). The

interviewees pointed out that in many cases it is better to

convey location information indirectly, in the form of a

user-defined description of the current context (e.g. down-
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town, at work, shopping or partying) rather than exact co-

ordinates (Kolari and Virtanen 2003). In field studies 3 and

6, we found that transferring user permissions between

location and service providers may get quite complicated

(Kaasinen et al. 2003a,b). GPS and proximity-based

positioning are easier in this sense since, with these systems,

the location data is possessed by the user (GPS) or

generated by the service provider.

In field study 3, the users recognised situations where

they would like to convey their location to service

providers, e.g. in a car breakdown situation (Kaasinen et

al. 2003b). In field study 6, we identified situations where

continuous positioning would be beneficial for both the

user and the service provider (Kaasinen et al. 2003a). If the

user rents a snowmobile, s/he would feel safer if s/he knew

that in case of emergency, the rental service could locate

his/her snowmobile. Similarly, rental service providers

would appreciate a service that enables them to locate

their fleet at any time. These findings indicate that the

possibility of enabling the user to manage his/her location

data him/herself may be useful in different kinds of

location-aware services.

User location is very personal information and it should

be protected even when the user him/herself does not

require it. The user should be provided with easy

mechanisms for giving permission to use the data for a

predefined purpose. The user should get clear feedback on

whether the positioning is on or off (Kaasinen et al.

2003a,b). Location histories should not be stored purpose-

lessly and without user consent (Kaasinen et al. 2003a).

When location is conveyed to others, it is worth considering

whether they will need the exact location co-ordinates or

more descriptive but less intrusive description defined by

the person to be located (Kolari and Virtanen 2003). It

should also be considered whether it is necessary to connect

the location to the user identity.

6.2 Push services should stay under user control

Location-aware push services provide the users with

information automatically, activated by the location of

the user. In many countries, legislation prohibits the

sending of commercial messages without user permission.

This saves the users from receiving spam messages, but also

generates problems in informing the users about proximity-

based services.

Users may accept push services because of the effortless

use (Cheverst et al. 2002). Teo and Pok (2003) have made a

survey study with 1000 users of mobile Internet in

Singapore. Their study revealed that 60% of the respon-

dents would not reject mobile advertisements provided that

the advertisements are personalised and that accessing the

advertisements will subsidise their phone bill. 65% of the

respondents to the web survey in field study 6 indicated that

they would like to receive special offers via their mobile

phone while at the Levi skiing resort (Kaasinen et al.

2003a). In addition to commercial messages, nightly aurora

borealis notifications and storm warnings were mentioned

as examples of useful push services. The attitudes of the

users were quite positive towards push services in the other

field studies as well (Kaasinen et al. 2003b, Kolari and

Virtanen 2003, Södergård et al. 2003).

The users expected that push services would provide

them with personally and contextually relevant information

(Kaasinen et al. 2003a, Kolari and Virtanen 2003,

Södergård et al. 2003). The test users had no experience

of mobile spam due to the strict privacy legislation in

Finland. The situation may be different in countries with

more permissive legislation, where the users already have

seen the negative consequences of mobile spam, e.g. in

Japan.

In the Levi ski resort case, the information will be

provided by several local service providers – restaurants,

shops, ski rental services etc. The service providers were

discussing about common rules for providing push services,

e.g. how many messages per day can each actor send and

how to utilise common user profiles (Kaasinen et al. 2003a).

Without these rules, no service provider would benefit: the

users could easily be inundated with commercial messages.

In a restricted area such as the ski resort, the service

providers already had experience of similar cooperation.

With other types of guides, the cooperation might need

external activation.

User attitudes create good potential for push services,

but the services should be implemented with care so that

the users will feel, and really be, in control. Otherwise the

attitudes of the users may soon change completely. The

user should get clear feedback on the push services: which

services s/he is registered to and how probable messages

are. The user should be able to easily define which topics s/

he is sufficiently interested in to be willing to receive push

messages. The user should be able to fine-tune or cancel

the push feature easily, ideally as s/he receives a push

message.

6.3 Occasional usage sets high requirements for reliability

In field study 3, different services and databases were

integrated into a comprehensive service entity. This

complex service architecture caused problems in error

situations because often it was almost impossible to analyse

and indicate to the user the reason for the error (Kaasinen

et al. 2003b). At times, the service entity did not work in an

occasional situation where it would have been very useful

to the user, e.g. when searching for nearby hotels after a car

breakdown in the middle of the night. These kinds of

unsuccessful usage experiences discouraged the users from

using the service again. Users seem to set even higher
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service reliability requirements for occasionally used

services than they do for more frequently used services.

One of the ideas in the skiing resort guide was to use a

push service to inform the users about storm warnings

(Kaasinen et al. 2003a). More traditional warning systems

should be maintained in parallel with the introduction of

such systems. It should not be assumed that all people

would have the mobile services in use or their mobile

devices with them.

People may become quite dependent on location-aware

guidance services. The users should be provided with

information about the reliability of the service so that they

can assess whether they can rely on the service in different

usage situations. It is also important to get feedback on the

provider of the service and the timeliness of the information

provided (Kaasinen et al. 2003, Södergård et al. 2003).

7. Experiences of the evaluation methods

Mobile guides aim at connecting information with physical

places. They impact on and are used in specific physical

environments, bringing space and place together in activity

(Brown and Perry 2002). Because of the strong connection

with physical environments, only very limited simulations

of usage situations can be made in laboratory evaluations.

That is why in most of our case studies we replaced

laboratory evaluations with short-term field evaluations.

The set-up of the evaluations resembled laboratory evalua-

tions but the evaluations took place in real usage

environments. One evaluator conducted the test and

walked with the user. Another evaluator walked a bit

behind as an observer. As the test user was moving during

the test, we were using audio recording with a portable

minidisk system. The observer took photos of key usage

situations. All evaluations took place outdoors, making

organisation of the evaluations quite challenging. We had

to be prepared for different weather conditions and to

remind the test users to have warm clothes and good shoes

because the evaluation included quite long periods of

standing still and operating the mobile guide.

Most mobile guides are targeted at visitors rather than

local people and that is why we had to recruit test users

who had to travel to the test site. We decided not to try to

recruit people who were already visiting the holiday resort

or other test sites because people on holiday are often very

busy with their schedule and not willing to use their time

for anything extra. Travelling to the test site required

extra time from the users. Luckily, we also had test users

who appreciated the free train tickets to the test site as a

pleasant bonus. As it was quite laborious to get the test

users in place, we made several backup plans for the

evaluation sessions to make sure that we could get the

evaluation done. For bad weather, we had alternative

routes or extra coffee/chocolate breaks, technical staff

were on duty in case of technical problems and we also

had with us spare devices, spare batteries and spare

evaluation tools. The only thing that we could not prepare

for was test users not showing up. This happened a couple

of times and there were also a few last-minute cancella-

tions. These incidents resulted in lost working hours but

as we had prepared with a couple of test users more than

needed, the cancellations did not postpone the total

evaluation schedule.

In field studies 2 and 3, we were using long-term field

evaluations. As described earlier, the usage needs for

mobile guides turned out to be quite occasional. In the

3 – 4 week field trials with 7 – 10 users, we captured quite a

few real usage situations (Kaasinen et al 2003b, Rämä

2003). Setting up systems that were reliable enough to be

used in field trials required quite a lot of implementation

effort. We were short of time but in other similar

evaluations it should be considered whether the evaluation

could last longer so as to get the most out of the

implemented test set-up.

In long-term field evaluations, log files were useful in

collecting and analysing usage information. In field study 3,

we had online access to the log files during the trial. In this

way, we could monitor the usage and, for instance, contact

users who had not been using the service for a while and

check to see if they had any problems with the service

(Kaasinen et al. 2003b). Unfortunately, our test set-ups did

not enable logging of malfunctions and error situations. It

would have been useful to get exact data on these situations

for comparison with user impressions.

All of our field studies were independent activities. It

would have been useful to plan the evaluation activities

more as an entity. In that way, we would have been better

able to compare and combine the results.

8. Conclusions

In environments such as public places, city areas, holiday

resorts, sport fields and event venues, the context of use can

often be predicted according to user location. Location-

aware mobile guides have good potential in these fields.

The users may need location-aware mobile guides only

occasionally, but in these occasional situations the services

may turn out to be extremely useful. Occasional use

indicates that designers must give careful thought to how

the users will get information on the existence of the locally

available guidance services and their characteristics, and

how they can easily install, take into use and then use the

services.

Momentary usage sessions on the move set high

requirements for ease of use. In particular, text input

should be made as effortless as possible by ready-made

selection lists, text prediction and location-awareness itself

in user interfaces. Alternative input methods are needed
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according to the user and the usage situation. Maps are

essential both as complementary information and as user

interface elements that associate information and func-

tions with certain locations. Making maps personalised

and context-aware can further increase their usability.

Current technologies could not provide the users with

unambiguous route guidance. This will require more

accurate positioning methods and continuous orientation

sensing.

The users turned out to be quite trusting towards service

providers in issues related to privacy protection and

reliability of the services. User acceptance of push services

was high. These user attitudes form a good basis for

introducing location-aware mobile guides. The trust of the

users should be respected. Push services should be designed

carefully so that the user feels, and really is, in control. The

trade-offs between privacy protection and effortless use

need to be resolved for each individual service. Legal and

ethical assessments should be included as integral parts of

the design to make sure that the user’s privacy will not be

threatened when collecting, using and storing location

information.

To achieve a critical mass of users, location-aware

guidance services should be offered on standard PDA and

mobile phone platforms and they should be available

irrespective of the network and positioning system in use.

To achieve a critical mass of content, service entities should

support the user throughout his/her activity in locating

him/herself, looking for nearby services and getting route

guidance. Realising comprehensive service entities requires

the co-operation of content and service providers such as

directory services, map providers, telecom operators and

location providers.
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