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Abstract

This dissertation studies user acceptance of mobile services based on a series of
case studies of mobile Internet and location-aware information services targeted
at consumers and accessed mainly by mobile phones. The studies were carried
out in connection with technology research projects, where the objectives were
to develop technical infrastructures, to pilot the technology in demonstrator
services, and to collect user feedback in field studies to assist in focusing future
commercial deployment of the technology. A Technology Acceptance Model for
Mobile Services is proposed on the basis of the results of the case studies.
According to the model, user acceptance is built on three factors: perceived
value of the service, perceived ease of use, and trust. A fourth user acceptance
factor: perceived ease of adoption is required to get the users from intention-to-
use to actual usage. Based on the Technology Acceptance Model for Mobile
Services, design implications for each user acceptance factor are proposed.

Instead of implementing collections of useful features, the design of mobile
services should be focused on key values provided to the user. The value of
mobile services can be built on utility, communication or fun. Successful service
content is comprehensive, topical and familiar, and it includes personal and user-
generated content. The users appreciate seamless service entities rather than
separate services. Ease of use requires a clear overview of the service entity,
fluent navigation on a small display, and smooth user interaction with the
service. The users should get personally and situationally relevant services and
information without needing to expend effort on personalisation. The services
should be designed to be adaptive to the wide variety of devices and networks.
As the services increasingly support individual users in their daily tasks and the
services are increasingly dealing with personal data, user trust in the services is
becoming more and more important. The user should be able to assess whether
(s)he can rely on the service in the intended contexts of use. The user needs to
feel and really be in control, and the privacy of the user must be protected.
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Occasional usage and momentary usage sessions on the move are typical of
mobile services. In addition, services are increasingly available only locally or in
certain contexts of use. This indicates the need for disposable services: services
that are easy to find, take into use, use and get rid of when no longer needed.
The user needs realistic information about the actual values of the services, so
that (s)he can realise how to utilise the service in his/her everyday life and to
innovate new usage possibilities.

Designing mobile services that will be accepted by users calls for changes also
to the design methods. Value-centred design aims to identify the key targeted
value(s) for end users, service providers and other stakeholders, and then focuses
on these values in the design. The proposed Technology Acceptance Model for
Mobile Services provides a tool to communicate key user acceptance factors and
their implications to the design.

iv



Preface

I started to get acquainted with usability research at VTT about 10 years ago. In
many research projects usability studies could identify several usability
problems, but those problems often could not be solved in the software
development. The most common reason for this situation was that major changes
would have been needed and there was no more time in the development project.
To solve these problems, we started to develop design methods that would
strengthen the co-operation between software designers and usability researchers
towards a common goal of more usable software.

We were carrying out technical research projects that aimed at developing technical
infrastructures and proving their applicability in demonstrator applications. The draft
ISO standard for human-centred design, later published as ISO13407:1999,
provided us with a good framework to ensure the usability of those demonstrator
applications. That was useful but not adequate for our co-operation companies.
Their aim was to exploit the technical infrastructures in commercial applications
beyond our demonstrators. To focus the forthcoming application development, they
needed information about the most important characteristics of the applications from
the users’ point of view. As we were already accustomed to carrying out field trials
with the demonstrators, we could study not only the usability but also the utility of
the demonstrator applications. The Technology Acceptance Model that explained
how perceived ease of use and perceived utility affected user acceptance of
technology gave us a good framework.

All new technology cannot be studied with a single demonstrator. We soon
noticed that it was necessary to enhance the circle: it was beneficial to study a
certain technical phenomenon and user acceptance of it in several parallel
demonstrators. As we obviously could not implement all those demonstrators
ourselves, we set up horizontal usability research projects that were in co-
operation with several technology research and development projects. This
facilitated the collection, analysis and synthesis of user acceptance research
results. We could provide the co-operation projects with usability design
guidelines so that they did not have to keep reinventing the wheel.

The research on mobile services described in this dissertation was carried out
within these continuously enhancing research circles. And still, the circles are
expanding: today we are focusing on the co-operation of different research
institutes so that we can all learn from each other's experiences.
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1. Introduction

User acceptance is crucial to the success of new technologies but it is difficult to
predict. User acceptance of new technologies that are not just incremental
improvements on existing ones but cause remarkable changes in peoples lives —
so-called disruptive technologies — is especially hard to predict because these
technologies may take decades or longer to undergo the transition into everyday
objects (Norman, 1998). However, some technologies (e.g. short message
services on mobile phones) get adopted very quickly even without significant
marketing.

This dissertation studies mobile services — in particular mobile Internet and
location-aware information services targeted at consumers — based on a series of
field studies of different services and complemented with other usability studies.
What kind of general attributes can be recognised in the services that affect user
acceptance? What kinds of service entities are acceptable both by the end users
and the service providers? What kinds of business models are needed to provide
the users with these services? How can we balance user needs, the service
provider's interests in providing services, and the possibilities offered by the
technology?

A lot of engineering work has been wasted over the years in designing and
developing products that were neither wanted nor accepted by the users. How
could this waste of work be prevented? Could we assess the acceptance of new
solutions beforehand, without actually implementing the products? The human-
centred design approach (ISO, 1999) is already a commonly adopted solution to
integrate user feedback into the design process. However, human-centred design
is focused on the design of individual products. User feedback often arrives too
late, when it is no longer possible to change key design decisions. The main
design decision, the decision to start the human-centred design process to design
a certain kind of product, has already been made and it may not be easy to
change that decision even if the user feedback is totally negative.

Business and marketing research already have approaches where new
technology is studied on a wider scale. The Technology Acceptance Model by
Davis (1989) defines a framework to study user acceptance of new technology
based on perceived utility and perceived ease of use. Each user perceives the
characteristics of the technology in his/her own way, based for instance on
his/her personal characteristics, his/her attitudes, his/her previous experiences



and his/her social environment. Innovation diffusion theory (Rogers, 1995)
explains the adoption of new practices and technologies in the society in
different adopter groups. The Technology Acceptance Model and Innovation
Diffusion Theory have been evolved and applied widely, but mainly in the
context of introducing ready-made products rather than in designing new
technologies.

The case studies of this dissertation were made in connection with technology
research projects. The objectives of the research projects were to produce both
technology and information on user acceptance to guide future development
work on commercial services. The projects developed new technical
infrastructures for mobile services and piloted those novel technologies in
experimental applications and services. The projects gathered feedback on user
acceptance based on field trials where different users used the experimental
services independently as a part of their everyday life. In addition to end users
we also included different service providers in our studies. Service providers are
not necessarily in the information technology business. Their business branch
may be for instance tourism, roadside assistance, catering or organising events.
They could utilise new mobile technology to better serve their customers but,
like the end users, they should be informed of the technical possibilities and
listened to in the development process. In the studies we combined end user
needs with the ideas of the service providers to identify the basis for successful
mobile services.

The case studies took place between 1998-2002. This was an interesting period:
mobile Internet research started from scratch, industrial and media interest grew
and culminated in a peak of inflated hype in 2000, followed by negative hype
and a slow new start from 2001 onwards.

The main research method was horizontal usability studies of two types of
mobile services: mobile Internet services and location-aware information
services. General user acceptance factors were identified by analysing and
synthesising the results of several parallel usability studies. The services were
studied from three points of view: what are the possibilities and restrictions of
the technology, what do the users need, and what kind of services the service
providers see profitable.

Mobile Internet has the capability of providing access to information and
services anywhere and anytime. The mobile Internet studies in this dissertation
work deal with mobile Internet services working on mobile phones and targeted
at consumers. The first case studies were carried out in parallel with the



specification of the Wireless Application Protocol (WAP); the first approach in
Europe to provide mark-up language based services on the mobile phone. By
providing mobile-transparent access to web content via a conversion proxy
server, our research team could provide the users with a large selection of
services, compared to the first WAP portals that were quite modest pilot services
with limited content. Unlike many other WAP studies at that time, we were
studying whole collections of services provided to the users via a personal
portal, rather than just individual services. The evaluation activities described in
the papers range from user requirements definition (Paper II), through laboratory
evaluations (Paper III) to field trials (Paper IV). In the WAP studies user
acceptance is studied through usability and utility. Papers II-1V describe the key
findings and conclusions of our research. The detailed results are presented in
Kolari et al. (2002).

The more recent case studies deal with location-aware information services.
Varying contexts of use are typical of mobile services. Utilising information
about the context of use provides a basis for context-aware mobile services that
are not just reduced 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. Mobile services can adapt or even activate themselves based on the usage
context. Location and time are the first elements of the context that can be
measured, and these two factors alone make it possible to implement various
new kinds of context-aware services.

Our research team evaluated with users scenarios of different location-aware
service concepts and some of the first commercially available location-aware
information services, ranging from simple short message services (SMS) to map-
based guidance services on personal digital assistants (PDA) (Paper V). We also
had evaluation activities in connection with different research and development
projects, ranging from the definition of user requirements to field trials (Paper VI).
In the studies on location-aware services trust and ease of adoption were identified
as additional factors that affect user acceptance of the services. Papers V and VI
describe the key findings and conclusions of our research. The detailed research
results are presented in publications of the NAVI programme (Ikonen et al.,
2002b; Kaasinen et al., 2002; Kaasinen, 2003).

Based on the above-mentioned empirical studies this dissertation explores
factors that affect the user acceptance of mobile Internet and location-aware
information services targeted at consumers. In addition, the dissertation analyses



the point of view of the service providers and analyses how the different user
acceptance factors should be taken into account in the human-centred design
process and in related usability design and evaluation methods.

The main research question is:

1. What are the key attributes that affect user acceptance of mobile services, focusing
on mobile Internet services and location-aware information services targeted at
consumers?

The supplementary research questions are:

2. What factors affect the acceptance of service providers to utilise mobile Internet and
positioning in their services, and what kinds of future service concepts does this
indicate?

3. What are the implications of research questions 1 and 2 for the human-centred
design process of mobile services and related design and evaluation methods?

This dissertation is structured as follows. Chapters 2 to 5 describe the technical
and theoretical background of the research as well as related research. Chapters
6 to 9 describe the case studies that the dissertation consists of (Papers I to VI)
and further analyse and synthesise the results. Chapter 2 focuses on mobile
technologies such as devices, networks and positioning technologies. Chapter 3
focuses on mobile contexts of use, user interaction with mobile devices and
services as well as mobile usability. Chapter 4 gives an overview of the
evolution of mobile services and, on that basis, identifies challenges for user
acceptance studies of mobile services. Chapter 5 describes different approaches
to studying user acceptance of technology and analyses the applicability of these
approaches to studying mobile services. Chapter 6 describes the individual case
studies and the research framework used in them, and also proposes a
Technology Acceptance Model for Mobile Services based on the synthesised
results of the case studies. In Chapter 7, the Technology Acceptance Model for
Mobile Services is then used as a framework for design implications, based on
the analysis and synthesis of the results of the individual case studies. The
Technology Acceptance Model for Mobile Services classifies the design
implications according to four user acceptance factors: perceived value to the
user, perceived ease of use, trust and perceived ease of adoption. Chapter 8
complements the analysis from the service providers' point of view and analyses
the challenges for the service providers in providing acceptable mobile services
to the end users. Chapter 9 describes how focusing on user acceptance affects
the human-centred design process and related usability design and evaluation
methods. Conclusions and discussion are presented in Chapter 10.



2. Mobile technologies

This chapter gives an overview of the technical infrastructures on which mobile
Internet and location-aware services are used: networks, terminal devices and
positioning technologies.

2.1 Mobile networks

Major stages in the development of mobile telecommunications are commonly
described as generations. First generation networks were analogue cellular
systems. Second generation networks are digital cellular systems such as GSM
(Global System for Mobile Communication). Second generation networks are
able to serve some data services although the network speed limits the amount of
data that can be transferred. First and second generation networks were largely
developed under a number of proprietary, regional and national standards (ITU,
2002). The development of 3G systems has been characterised by the aim to
develop an interoperable, global standard (ITU, 2002).

As a migration path from 2G to 3G, 2.5G systems such as GPRS (General
Packet Radio System) have been introduced in many countries. 2.5G systems
introduced the "always-on" notion of communications, and the users are charged
per volume instead of time. This was a marked improvement on GSM networks,
where the connection had to be set up by a call connection to gain access to
mobile data services.

Despite the global standardisation efforts, different approaches to 3G
technologies have been taken. Most of these approaches (85% according to
Funk, 2004) are based on Wideband CDMA (Code Division Multiple Access):
e.g. UMTS in Europe and NTT DoCoMo's FOMA (Freedom of Mobile
Multimedia Access) in Japan. However, 3G phones using the CDMA 2000
standard selected by the Japanese operator KDDI have diffused in Japan much
faster than NTT DoCoMo’s FOMA phones due to lower cost and better
coverage (Funk, 2004). Ignoring global standardisation efforts and taking off
with an own solution made possible the success of the first Japanese mobile
Internet solution: NTT DoCoMo's i-mode. It seems that KDDI has managed to
gain at least short-term success by a similar selection.



GSM networks can provide data rates up to 9.6 kbit/s, GPRS networks up to 171
kbit/s and 3G systems up to 2 Mbit/s locally and 144 kbit/s overall (ITU, 2002). In
practice, the first 3G networks could provide data rates up to 384 kbit/s. The
growing network speed has mainly been marketed as an enabler for transferring
multimedia content. GPRS enabled the fluent transfer of images and short
recorded video clips. 3G networks enable real-time video connections.

Local area networks have been developed in parallel with wide area radio
networks. WLAN has been a rapid global success. WLAN offers locally high-
speed network connections without cables. WLAN networks are available in
offices and households, shops, hotels and airports as well as in schools, hospitals
and factories. Different WLAN solutions are available, offering speeds up to 54
Mbit/s (ITU, 2002). WLAN connections are mainly used in laptops and PDAs,
although WLAN connections are also available for some mobile phones.

Bluetooth is a communication protocol for short-range local communication.
Bluetooth was originally conceived as a wireless cable replacement solution
with which the user could connect peripherals with a mobile device or exchange
information between devices close to each other. The Bluetooth specifications
currently enable a multitude of applications including hotspots for local
connections (Alahuhta et al., 2005).

Different networks are suitable for different usage purposes and different
contexts of use. Current mobile phones have typically one network connection
(e.g. GPRS) and Bluetooth for local connections. In the future, the devices will
increasingly include several network alternatives, giving more flexible
connectivity possibilities for the users, but also raising challenges in selecting
which network to use.

2.2 Mobile handheld devices

The development of both digital mobile phones and personal digital assistants
(PDAs) originated in the early 1990s. Mobile phones were originally designed
for communication but as the technology has proceeded, the phones have
increasingly been equipped with different applications and access to services.
PDAs were originally designed for small personal applications such as notepads
and address books. Soon it became possible to synchronise PDA and desktop PC
data, and the increasingly available network connections have further enhanced
PDA functionality. As this dissertation focuses mainly on phone-type devices,



the emphasis in the following is on mobile phones. PDA devices are described
mainly in comparison with mobile phones.

Kiljander (2004) categorises mobile terminals according to the primary input
mechanism and usage ergonomics as phones, PDAs, communicators and
wearables (Figure 1). Phones are operated one-handed, PDAs are used by holding
the device in one hand and operating it with the other hand, communicators are
held in both hands and operated mainly with the thumbs, and wearables are
attached to body or clothing and operated one-handed. Weiss (2002) divides
mobile handheld devices into pagers, PDAs and phones, where communicators are
a special case of phones. Pagers are widely used in the North American market,
but are quite rare in Europe. They are mainly used for two-way e-mail.

Figure 1. Mobile phone, communicator and PDA.

The term smart phone is used to characterise a mobile phone with special computer-
enabled features. These features may include email, Internet and Web browsing and
personal information management. Typically the functionality of a smart phone can
be further enhanced with add-on applications (Alahuhta et al., 2005). The term
media phone is often used to describe phones that include cameras and functionality
for image messaging (Multimedia Messaging Service, MMS).

Today, the difference between mobile phones and PDAs is getting more blurred as the
screen sizes on phones are getting larger and the phones are equipped with different
applications, and PDAs increasingly have network connections as a standard function.
However, the main difference is still the numeric keypad and one-hand usage of most
phones as opposed to the touch screens and two-hand usage of most PDAs.



The first phones with colour displays were introduced in Japan in 1999. High-
quality colour displays were utilised in creating the first camera phones in 2001
and enabled a new service branch of providing picture libraries, and photo-
editing functions. In Europe mobile phones equipped with colour screens and
cameras were introduced to the market in 2002 as media phones. They provided
the users with almost PDA-sized colour-screens, a graphical user interface, fast
packet-based GPRS connections and an integrated camera. In 2002 the first
videophones came on the market in Japan. Now that the novelty of photos and
video has worn off, actually quite few people send photos and videos.
Nonetheless the market share of the phones including these features has grown
(Funk, 2004). The ability to take photos and video has increased the memory
needs. Most phones released in 2003 had more than 1 megabyte memory, and
several had more than 5 megabytes. Memory sticks that can be used as external
memories for phones are an easy and cheap way of multiplying the amount of
available memory (Funk, 2004).

The physical lower limit of phones was achieved already in 1998, as the phones
at that time weighted less than 60 grams and the physical size could not be
smaller for handheld use. With the larger screens of media phones, the device
sizes were again getting larger.

Figure 2. The difference between a mobile phone and a PDA is getting more
blurred, as phones are equipped with larger screens. The numeric keypad is still
typical of mobile phones.



Current mobile devices exhibit a high heterogeneity of hardware and software
capabilities, operating systems and supported network technologies. This
heterogeneity does not just cause problems for service providers but it also
significantly increases configuration hassles for device users (Bellavista et al.,
2002). Device manufacturers and other actors have tried to ease the situation by
different standardisation activities, and by providing open platforms for easier
service creation and application interoperability.

Java-enabled devices have been available since 2001. With Java-enabled devices
the user can download small applications — applets — to the device on the move.
The applets fall into two categories: stand-alone applets and agent applets. Agent
applets are used for timely information alerts and therefore must be connected to
a server to provide up-to-date information. (ITU, 2002)

Mobile Internet was introduced to the market in the late 1990s. The Japanese
approaches, NTT DoCoMo's i-mode in the forefront, have been remarkable
successes, whereas the European WAP approach has not reached wide markets.
Mobile Internet access is implemented by having a browser software application
on the phone. The browser is able to access different Internet content, depending
on the protocol in use. Mobile Internet is described in detail in Chapter 4.

2.3 Positioning techniques

Location information is becoming an integral part of different mobile devices.
Location information is necessary for map and way-finding services. In addition
location information can be utilised in location-aware services, providing the
users with contextually relevant information and services.

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.

If the user’s device includes a GPS (Global Positioning System) module, the
user’s location can be defined very accurately (2 to 20 meters). A GPS cannot be
used indoors and it may not work outdoors in all places either. For instance in city
centres, on streets edged by high buildings (also known as "urban canyons") there
is a limited view to the sky and this may hinder the connection to GPS satellites



and thus disable positioning. GPS location is calculated in the user device, from
where it has to be sent to service providers in order to get location-aware services.

A mobile phone can be located by the telecom operator within 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 as low as 50 meters, whereas in rural areas the accuracy may be
several kilometres. The telecom operator generates and thus possesses the user
location information. Service providers have to agree with the telecom operator
on how to get the location information and the telecom operator must have the
user’s permission to forward the location information.

The user can also be identified at a service point, utilising e.g. WLAN (Wireless
Local Area Network), Bluetooth™, infrared or radio frequency tags. The
accuracy of these kinds of proximity positioning systems depends on the density
of the network of the access points, and can be down to 2 meters. The user needs
special equipment, although WLAN and Bluetooth, for instance, are becoming
increasingly common in current mobile devices. Because of the required
infrastructure, the coverage of such systems is usually limited to a predefined
area, such as a shopping centre, an exhibition area or an office building.

2.4 Summary

The variety of mobile networks is growing, providing the users with both remote
and local connectivity. The networks are getting fast enough to provide the users
with access to even live video. Mobile phones still have many restrictions due to
the continuous trade-off between ease of use and portability. The difference
between a mobile phone and a PDA is getting more blurred as mobile phones are
increasingly equipped with different applications and PDAs are increasingly
equipped with network connections.

The most significant technical changes are expected to occur in equipping
phones with many kinds of add-on technology to gather information and to
interact with the environment. Local connectivity and positioning are the
technical forerunners in this area. The growing variety of hardware and software
capabilities gives additional possibilities for new kinds of mobile applications
and services. However, the variety of devices and infrastructures also introduces
new challenges for service providers in providing their services for several
different client environments. The growing variety of options in individual
mobile devices also increases configuration challenges for end users.
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3. Human interaction with mobile devices

Usability cannot be defined in absolute terms but is always dependent on the user
and the usage situation: the context of use. This chapter gives an overview of mobile
contexts of use and mobile user interfaces. The main factors that affect the usability
of mobile devices and applications are also discussed. Two paradigms are dealt with
in detail: personalisation and context-awareness. These themes are repeated in
research regarding the usability of mobile applications and services as they are
expected to improve remarkably the usability and acceptability of mobile services.
However, these paradigms also present new usability challenges that current
usability design guidelines and practices may not solve.

3.1 Mobile contexts of use

Identifying the targeted contexts of use is the starting point of a human-centred
design process as defined by the ISO 13407:1999 standard (ISO, 1999). The
standard defines context as the characteristics of the users, tasks and the
environment in which the system is used. As user characteristics the standard lists
knowledge, skill, experience, education, training, physical attributes, habits,
preferences and capabilities. The technical environment includes the hardware,
software and materials used. The environment also includes relevant standards, the
wider technical environment, the physical environment, the ambient environment
(e.g. temperature and humidity), the legislative environment as well as the social
and cultural environment. The ISO 13407:1999 standard points out the need to
know not just the users but also the contexts of use, because the context affects the
usage situation similarly as the user and the technology in use.

Dey et al. (2001) define context as any information that can be used to
characterise the situation of entities that are considered relevant to the interaction
between a user and an application, including the user and the application
themselves. Dey et al. define relevant entities as places, people and things, and
introduce four categories or characteristics of context information: identity,
location, status and time. Norros et al. (2003) use the term intentional context to
describe what the user has been doing and what (s)he is planning to do next.

Mobile devices are not necessarily used while on the move; they can be used at
home or at the office as well. However, the possibility to carry the device with
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the user introduces great variability to the context of use, which may even
change in the middle of a usage session.

Viidndnen-Vainio-Mattila and Ruuska (2000) list characteristics of mobile
contexts of use that should be taken into account in designing mobile devices
and services, classified as the technical context, the physical context and the
social context:

The technical infrastructure includes mobile networks that have lower bandwidth
than fixed networks and may impose restrictions on usage. The user can be out of
network coverage or have bad network coverage. The user needs to get feedback of
the progress of data transfer and, moreover, (s) he will need to estimate beforehand
how long certain operations may take.

Regarding the physical context, user mobility may change the context within a usage
session. The user may need to use the device in unstable and varying usage positions,
and the user may use the device while moving. The usage may take place in a
moving environment such as car or train. Other environmental factors such as
variable lighting conditions, noise and varying climate may affect the usage situation.

The social context may implicate needs to collaborate and share information with
others, and a need to keep interaction paths relatively short and/or quiet. The user
still needs privacy and discreteness.

The characteristics of mobile contexts of use defined by Véidninen-Vainio-
Mattila and Ruuska (2000) emphasise the restrictions on use caused by the
mobile contexts of use. The restrictions may be caused by unstable technology, a
less-than-ideal physical environment or a social situation in which the user has
to use the mobile device.

Tamminen et al. (2004) point out that mobile contexts cannot be taxonomised in
the same way as traditional contexts of use. They claim that mobile contexts of use
do not just change in an uncontrolled way, but the users may deliberately set up
these contexts by subtle actions and available resources. Based on observational
studies of 25 urban people in Helsinki, Tamminen et al. recognised characteristics
of mobile everyday contexts as well as the actions and resources with which these
contexts were set up. Personal and group spaces were set up by utilising available
resources, e.g. looking out of a bus window, reading a newspaper or forming a
circle of people around a common point of interest. Unplanned context change,
e.g. meeting a friend, may lead to unplanned situational acts. These acts were
mainly little side steps to the main task on the user. Also temporal tensions such as
acceleration, normal proceeding, slowing down and waiting may change the
contexts without the user being able to control them.
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Tamminen et al. (2004) point out that multitasking is typical of mobile contexts
of use. For instance in way finding, the user still has to position him/herself in
the social context of people and physical objects. As the main task of the user
requires less attention, the extra attention can be devoted to other tasks.
Sometimes the main task is so demanding, e.g. hurrying up to catch a bus, that
there is no opportunity for other tasks.

Weiss (2002) compares desktop Web and Wireless Web usage situations and
stresses that wireless usage situations are focused on instantaneous search and
retrieval actions, whereas desktop usage situations may be more surfing-
oriented. For instance, a desktop user may compare prices of flights whereas a
wireless user may check the status of a particular flight; a desktop user may
research a medical condition, whereas a wireless user may monitor a medical
condition; a desktop user may read a movie review, whereas a wireless user may
purchase tickets to avoid waiting in line.

When designing services for mobile contexts of use, sometimes the context can
be dealt with in a similar way to fixed contexts of use, where the contexts of use
and the users set the basis for user requirements. This is especially true with
services that are targeted at a specific place or at a specific application field such
as support systems for mobile workers, museum guides or shopping guides.
With services that are targeted at wider everyday use, the context of use has to
be dealt with a bit differently. Mobile contexts set generic limitations on usage,
as pointed out by Véddninen-Vainio-Mattila and Ruuska (2000). Another aspect
is that since the mobile contexts of use may be very different and the context
may even change in the middle of a usage session, the services should adapt to
the recognised context of use. The study by Tamminen et al. (2004) sets the
basis for the kinds of user studies that are needed to identify how the contexts
may differ and change and what kind of adaptation needs these changes may
bring about.
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3.2 User interaction with mobile devices and applications

Kiljander (2004) has defined mobile phone user interface elements for user input
and for output as illustrated in Table 1.

Table 1. Mobile phone user interface elements for user input and for output to
the user as described by Kiljander (2004).

User input elements Output elements

e Numeric keypad for entering digits, e Flat-panel display or displays

letters and special characters e LEDs to indicate the status of the
e Control keys and devices for device: low battery, incoming call,

controlling the device, such as unread messages etc.

navigation keys, joysticks, rocker e  Earpiece and possible hands-free

keys, rollers, wheels, softkeys, menu loudspeaker

keys and other special purpose keys e  Buzzer for playing ringing tones and

e (Call management keys other audio
e  Volume keys e  Vibration monitor for tactile output
e Power key e Laser pointer, or flashlight

e Special purpose keys to access
dedicated functionality such as
camera, Internet access, voice
recorder

e  Microphone for audio input
e Digital camera
e Sensors e.g. for light or proximity

e  Touchpad or touch screen for direct
manipulation UI control

Figure 3 illustrates the main user interface elements related to using mobile
services: the display, navigation keys for on-screen navigation, selection key,
numeric keys, soft keys to select phone or application-specific functions, and
control keys such as Application key and Edit key. The exact implementation
varies by phone types. The Application key changes the focus between different
active applications and the Edit key gives access to detailed edit functions such
as activating the dictionary. Since the number of keys on a phone keypad is
limited, most keys include several functions, depending on the context. Numeric
keys typically include also three letters. The functions connected to the softkeys
vary according to the currently active application. There are typically two
softkeys on the phone keypad and the softkeys are located next to the display.
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The context-dependent meaning of the softkey is shown on the display next to
the key. Directional navigation keys act as a pointing device on the display.
They scroll the display or move the highlight in two, four or more directions.
The directional keypad usually also includes a selection key to select or accept
functions.

Display

Soft keys
Application key ==
. Numeric
Edit key == keypad

Navigation and
selection key

Figure 3. Main user interface elements on a mobile phone (Nokia 6600).

Phone keypads support triple tap and most phones also T9® text prediction. Triple
tap rotates the selection of the letters associated with the key in question. The last
selection remains on screen. T9® text prediction systems continuously predict the
forthcoming word as the user presses the keys. It takes some time for the user to
learn to use T9 but after the learning it is quite effective and popular, e.g. in
writing SMS messages. The efficiency is improved as the user teaches the phone
his/her favourite words.

Touch screens on PDAs enable point and click on the screen with finger or a
stylus. There is a minimum number of physical buttons, mainly for application
selection. Most buttons are available on the screen as touchable objects. Some
PDAs also have silk-screened buttons that are permanently printed on the touch
screen of the device. Alphanumeric keys are accessible as an on-screen keyboard
or the device may include handwriting recognition.
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For mobile Internet access, mobile devices have specific micro-browsers. The
browsers on different phones vary both by manufacturer and by the model. Basic
user interaction when accessing mobile services with the browser is to scroll
through pages and select links that further activate other pages. Some browsers
allow shortcut keys such as numbers to select numbered menu items. Text input is
done by selecting the input field for editing, then editing the text and accepting the
result. Forms can be implemented as pages with several input fields. Alternatively,
forms can be implemented using a wizard approach — each input field is on a
separate page and the user is guided through them one by one.

Mobile Internet services include more simple elements than their desktop
Internet counterparts. Typical user interface elements include menus, forms,
dialog boxes and articles (readable pages) (Weiss, 2002). As mobile Internet
pages are relatively short, these elements are rarely mixed within a single page.
Menus include lists of choices and they are often successive to let the user fine-
tune their selection, e.g. restaurants-ethnic-Indian. Forms consist of labels and
text entry fields. Dialog boxes appear on top of an existing page, requiring
immediate attention. Dialog boxes are used for instance to define preferences or
choices. Articles are accessible materials on the site such as text, pictures, audio
and video. Mobile Internet services are discussed in more detail in Chapter 4.

3.3 Mobile usability

Nielsen (1993) defines usability and utility as subcomponents of usefulness,
which itself is a subcomponent of acceptability (Figure 4).

Social

acceptability Utility

System
acceptability

Easy to learn

Efficient to use

Practical
acceptability

Compatibility
Reliability
Etc.

Easy to remember

Few errors

Subjectively pleasing

Figure 4. Nielsen's definition of usability as part of acceptability (Nielsen, 1993).
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The ISO 9241-11:1998 standard (ISO, 1998) emphasises the context in defining
usability: "Usability is the extent to which a product can be used by specified
users to achieve specified goals with effectiveness, efficiency and satisfaction in
a specified context of use." Usability cannot be measured in absolute terms since
it always depends on the context. The ISO definition enhances Nielsen's
definition that basically deals with user interfaces rather than application or
service entities.

The main usability challenges for mobile devices and services targeted at
consumers are related to the wide variation of users, the restrictions of the
devices and technical infrastructures, and the demanding contexts of use. Dunlop
and Brewster (2002) list five main challenges for human-computer interaction
design for mobile devices:

1. Designing for mobility: the environment may be a far-from-ideal working
environment and the environment may change drastically as the user moves.

2. Designing for widespread population: users consider mobile technologies as
devices rather than computers.

3. Designing for limited input/output facilities: small screens, poor sound output
quality, restricted voice recognition, limited keyboards both in size and number of
keys, and pointing devices are often hard to use while on the move.

4. Designing for (incomplete and varying) context information: mobile devices can
be made aware of their context, giving new information to the systems but also
bringing problems associated with implying task and user level activities from
sensor information and unreliable or patchy sensor coverage.

5. Designing for user multitasking at levels unfamiliar to most desktop users: the
opportunities for and frequency of interruptions is much higher than in desktop
environments.

The guidelines by Weiss (2002) for user interface design for mobile devices
emphasise remembering the difficulties that users may have in text input, using
consistent terminology and interaction schema throughout the application and
also between applications, and feedback about what the application is and how
to navigate from each page. Weiss points out that while consistency can increase
ease of use, it may also hinder good design when the user interface is migrated
from platform to platform.

Kiljander (2004) uses the concept of "usability knee" to describe how Nokia has
dealt with the problem of functionality versus complexity in their mobile phones
(Figure 5). Each device can be described by a curve that describes the
relationship between ease-of-use and functionality. As functionality is increased,
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at some point the ease of use drops dramatically (the knee shape of the curve).
The knee describes the limits of each user interface category. To include more
features (typically additional applications), a new user interface category needs
to be developed. Kiljander (2004) defines Internet browsing as one of the
breakpoints where the most simple mobile phone user interface categories
cannot provide enough ease of use. According to Kiljander Nokia phones from
Series 40 onward provide enough ease of use for Internet browsing. Series 40
phones have a relatively small display (5 to 8 rows for Internet content), a 4-way
navigation key and two soft keys. Mobile Internet does not therefore necessarily
require very advanced devices, but of course this requires well-designed content.
The most demanding functionalities require a lot of user input, such as typing
text or drawing.

Ziefle and Bay (2004) have studied mental models of cellular phone menus with
users of different ages. Their studies demonstrated that users' mental model of how
a mobile phone menu is structured significantly influenced their navigation
performance. Their results indicate that older users may need more transparent
menu structures with hints that give feedback of the menu structure and where in
the structure the user currently is. In their earlier studies, Ziefle and Bay found that
children and teenagers might also need this kind of additional navigation support.
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Figure 5. Mobile phone usability knee (Kiljander, 2004).
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Buranatrived and Vickers (2004) have studied application and device effects on
usability when implementing applications with Java on WAP phone and Palm
PDA platforms. Their studies indicate that the complexity and nature of the
application had more influence on usability than the platform. By good task and
interaction design, applications can be written once and rolled out across multiple
platforms just by utilising device profiles for each target platform. However, with
some tasks Buranatrived and Vickers identified higher error rates with mobile
phones, for instance when scrolling through long lists. They propose that device
adaptation should be brought to a higher level to improve usability and to be able
to utilise particular characteristics of individual devices. This would require
redefining the interface, not just as user interface widget/data pairs but as a
description for each task about the input and output requirements. These
requirements could then further be rendered to structures of user interface widgets.

3.4 Personalisation

Personalisation is often proposed as a solution to cope with information
overflow in mobile services by making personally relevant information or
services more easily available to the user. The main challenge is making the
personalisation effortless to the user, because even though (s)he would
appreciate the outcome there is little or no desire to expend much effort in
setting up personalisation. In mobile environments this challenge is especially
demanding, as user interaction with mobile devices is tedious.

Personalisation of software means making it more responsive to the unique and
individual needs of each user. Personalisation may affect the means of interaction,
the presentation or the content. Personalisation can be system or user-initiated, the
former often being described as customisation. Both kinds of personalisation can
be found in Web services (Perkowitz and Etzioni, 2000; Kohrs and Merialdo,
2001). Personalisation can be done manually, by utilising user or group profiles or
the system can learn from the previous behaviour of the user (Norros et al., 2003).

Yahoo! was one of the first sites on the Web to use personalisation on a large
scale. Manber, Patel and Robinson (2000) have described their experiences with
designing My Yahoo. The majority of active My Yahoo users did not
personalise their pages. Manber et al. suggest that a major challenge for large-
scale personalisation is to lower the entry bar, making it easier for less-
experienced users to customise their pages, and making it clear to novice users
that customisation is possible. However, the power users should also be kept in
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mind, and their needs should not be underestimated. In other Web studies it has
also been found that users often express the need for personalisation and enjoy
the results, but are not prepared to do much about it (Nielsen, 1998).

Personalisation is an important feature in mobile phones today. Personalisation
mainly takes the form of personally selected covers, ring tones and logos. Blom
(2000) has studied the motivations and effects of mobile phone personalisation.
The main motivations turned out to be ease of use, reflecting one's own or group
identity, feeling in control and pure fun.

The early WAP studies presented quite contradictory views on personalisation.
Hollensberg and Vind Nielsen (2000) suggested that in WAP, personalisation is
a highly advanced feature, which WAP users will explore and use later, if ever.
The first-time experience is always the non-personalised version. However, the
authors admitted that personalisation offers great advantages and is a strong
feature for the expert user. On the other hand, Ramsay and Nielsen (2000)
pointed out that the lack of personal and localised services were very significant
failings in WAP. They claimed that apart from entertaining someone with time
to kill, personal and localised information was where WAP should have been
able to make an impact.

3.5 Context-awareness

An efficient way of improving the usability of mobile services and applications
is to adapt the content 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 services that (s)he
needs in his/her current context of use. The services can even be invoked and the
information 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 (Dey,
2001). The main problem with context adaptation is that the context cannot be
casily 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. 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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A context-aware user interface can select the appropriate modes for service
interaction. A context-aware user interface can be implemented, e.g. as context-
aware text prediction (Ancona et al., 2001) or a location-aware remote control
for the environment (Fano, 1998). 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 (Cheverst et al., 2000). Moving can also be seen as one mode
of interaction with the system. This interaction mode is quite challenging
because it is difficult to know the user's intention: is the movement really taking
place in order to interact with the system (Svanees, 2001).

Context-aware content has been studied in different application areas, e.g. tourist
guidance (Cheverst et al., 2000), exhibition guidance (Bieber and Giersich,
2001), museum guide (Ciavarella and Paterno, 2004), e-mail (Ueda et al., 2000),
shopping (Fano, 1998), mobile network administration, medical care and office
visitor information (Chavez et al., 1999). In these studies, the location of the user
is the main attribute used in the context-adaptation and the device platform is in
most cases a PDA. 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.

Sorvari et al. (2004) point out that proximity of people and objects can be
measured by identifying nearby Bluetooth devices. This enables the
identification of people who are present and in some cases also the environment,
e.g. an identified Bluetooth car kit may indicate that the user is in a car. Sorvari
et al. (2004) suggest that automatically generated context metadata can be used
to manage personal information content such as photos. However, they admit
that converting location and proximity data into meaningful context metadata is
a major design challenge. Iacucci et al. (2004) have done a related study where
they have developed a system that provides mobile support to record and
organise multimedia in order to preserve more of the experience of a tourist
visit. In their study the context included time and location. Funk (2004) points
out that the problem with location-based marketing is that it is often impossible
to know whether the user is on his/her way to or already at his/her destination. If
the users get all kinds of offerings already before getting to where (s)he is
heading, (s)he gets an over-dosage of messages. Commercial messages need to
be based on a more exact knowledge of the context of the user, and should
preferably be based on agreements related to regular customership. In many
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countries this is obligatory because pushing messages to the user without his/her
permission is illegal.

3.6 Summary

The main usability challenges with mobile devices, applications and services are
related to the widespread user population, the restrictions of the devices and
technical infrastructures as well as the varying and demanding contexts of use.
Short instantaneous usage sessions are typical of mobile usage and the usage
often takes place in parallel with some other activity. Especially actions that
include excess user input are prone to usability problems due to the limited user
interface facilities on mobile devices. Transparent menus and clear feedback are
especially important for younger and older users, but they will benefit all users.
With mobile consumer services, the widespread population indicates a large
variety of client devices, bringing in the need to adapt the services for different
devices. However, limitations on device functionality may make some tasks
unsuitable for some device types.

Mobile usage situations vary a lot in terms of the technical, physical and social
context of use. Thus the services cannot be designed only for specific contexts of
use but need to be adapted to different users and usage situations. Together,
personalisation and context-awareness can greatly improve the usability of
mobile services by providing the users with contextually and personally relevant
information and functions. A major design challenge is to predict the personal
needs in varying contexts of use without requiring constant attention from the
user in the form of personalisation dialogues and refining questions.
Personalisation in itself may introduce additional usability problems.

Usability issues related to mobile services are discussed further in the next
chapter.
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4. Mobile service concepts — history and
future visions

Mobile Internet was launched on the market in the late 1990s. This technology
provided the infrastructure to enhance the mobile phone from traditional
communication tasks to a more versatile tool for accessing information and
services. The expectations were high but, apart from Japanese mobile Internet
solutions, i-mode by NTT DoCoMo in the forefront, the initial introduction of
the services on the market failed, ending in lost investments and even
bankruptcies. This chapter describes the history of mobile Internet — focusing on
the two mobile Internet solutions, WAP and i-mode, as well as the current
situation and future visions of mobile services.

4.1 Mobile Internet

Mobile Internet refers to the convergence of mobile communication technologies
with information and data communication services. The WAP (Wireless
Application Protocol) approach was to use an XML-based language, WML
(Wireless Markup Language), specially designed for small phone-type devices.
The first Wireless Application Protocol (WAP) services in 1999 were separate
applications, and little attention if any was paid to their co-existence with a
corresponding Web service (Hjelm, 2000). In Japan, telecom operators were
each implementing their own mobile Internet approach. Most operators were
using limited sets of the HTML language, thus providing the users with access to
some Web pages as well. This far, WAP has not been a remarkable success,
whereas in Japan the various mobile Internet approaches soon became very
popular, i-mode by NTT DoCoMo being the best known. In the following I use
the term WAP to refer to the European deployment of WAP. WAP was also
used by some Japanese operators but their technical infrastructures and business
models resembled more the i-mode approach.

Mobile Internet usage is typically characterised by short bursts of activity. The
browsing behaviour is object-driven rather than exploratory, and on average
80% of usage sessions are shorter than 10 minutes (ITU, 2002). The basic
usability problems with phone-based Internet access are well-known: problems
in getting an overview of the content on a small screen, navigation problems due
to the small screen and limited input methods, especially slow and cumbersome
text input. WAP usability problems also included slow connection set-up and
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response times that were not such critical problems in the Japanese approaches
due to their packet-based networks.

ITU (2002) crystallises the lessons learned during the 6-year period of practising
with mobile Internet services by stating that the development always takes
longer than expected and that the pioneers tend to get burnt fingers. The media
and the market follow different cycles — the hype often falls flat before market
development begins to take off.

Mobile phones launched to the market in 2003 began to include XHTML
(eXtensible Hyper Text Markup Language) browsers (e.g. Nokia 6600). This
made it possible to provide the same content both on the Web and on mobile
devices. However, due to the limitations of mobile devices it has turned out to be
almost inevitable that alternative implementations of the services for mobile
devices are to be provided. In addition, the growing variety of mobile devices
requires several alternative implementations.

In the following sections, WAP and i-mode are described in more detail.

4.1.1 Wireless Application Protocol (WAP)

WAP was planned to be an open standard, available to all vendors and targeted
at devices ranging from small mobile phones to PDAs. The WAP specification
defined the User Agent Profile (UAProf), which included device hardware and
software characteristics as well as application and user preferences for the client
device. Based on the UAProf attributes, the services were supposed to be able to
adapt the content and the presentation for each client. The definition of the
UAProf included over 50 parameters and thus constituted a major adaptation
challenge for service designers.

Although WAP itself was a standard protocol, the implementation of first WAP
browsers on different devices varied as device and browser manufacturers
compromised between device look & feel and browser functionality in different
ways. A number of browsers supported phone-type use. WAP-specific keys
were added to the keypad (e.g. Back, Clear and Options) and short cuts were
available for many functions. Other browsers supported Web-type use. No
WAP-specific keys were included in the keypad. Most actions were done by
selecting a link on the screen. Since no dedicated Back key was available, the
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Back function had to be available as a link on each screen page. Figure 6
illustrates some of the first WAP-enabled mobile phones.
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Figure 6. Some of the first WAP phones by Ericsson, Nokia and Siemens. The
same service looked and felt quite different on different WAP phones.

The first WAP usability design guidelines were device specific, and did not
include advice on how to ensure that the service would work on other platforms
as well. Later on, when more devices were launched on the market, a concept of
designing generic WAP applications was published. The idea was to give
instructions on designing minimal services that would work on any device, even
on the most modest one. However, it was soon realised that the variety of
available devices was so big that these kinds of general guidelines did not work
and the number of separate guidelines for different devices and browsers
continued growing. All these guidelines emphasised simplicity, navigation
support and consistency but the recommendations regarding the way in which
these could be achieved in practice varied according to the device in question.

In many cases the browser and the mobile Internet functions were mishmashed
with the phone's functions, causing usability problems (Funk, 2004). For
instance when selecting "Options" while browsing the mobile Internet the user
could get a selection of optional functions, some of which were phone functions,
some browser functions and some related to the mobile Internet page that was
currently selected. XHTML guidelines propose keeping phone, browser and
mobile Internet functionalities separate, thus solving these usability problems.

The first WAP services were provided as operator portals, so-called walled
gardens that did not allow access to the services of other portals or third party
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services. Unlike i-mode (see 4.1.2), the selection of services was modest —
typically the first services were simple demonstrator services produced by the
operators themselves. The WAP services in Europe were provided on the GSM
network, thus requiring the users to first set up a call connection before they
could access the WAP content. The price of WAP services was quite high and
the price consisted of both telecommunications costs and service costs, making it
difficult for the users to estimate real costs. Quite soon, though, WAP portals
were opened so that the users could access any WAP services. Installation has
been made much easier since the early days, but still the services are not readily
installed at the time of purchasing the device. The user has to know how to order
the settings with a text message and needs to set the necessary bookmarks.

In the first WAP services, personalisation was usually implemented as a Web
service, where the user could select personal links from a selection of
alternatives. While being in a WAP service, the users could also make
bookmarks in a similar way as when browsing on the Web. As the list of
alternatives was not very extensive, the outcome cannot be described as
providing truly personalised content for the user.

Version 2 of the Wireless Application Protocol was released in 2001. WAP2
devices could access content written in XHTML Basic in addition to WML,
which was the only content format in the original WAP. Services written in
XHTML Basic are accessible both on the Web and on WAP.
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Figure 7. On media phones colours and images can be utilised in services
(Sonera Plaza, wap.sonera.fi).
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In 2002 many mobile phone manufacturers introduced their media phones
(Figure 7). These phones provided the users with almost PDA-sized colour
screens, graphical user interfaces, fast packet-based GPRS connections and
integrated cameras. With the bigger screen size and always-on and faster GPRS
connections many of the usability problems with mobile Internet encountered
with earlier phone models could be overcome. Better devices have encouraged
service providers to develop new WAP services and the selection of available
WAP services has grown little by little. Still, mobile Internet services on the
phone have not yet become very popular in Europe. There are certainly several
reasons for that but at least the bad reputation due to the unsuccessful initial
introduction of WAP, high pricing and user efforts needed in installations have
affected the situation.

4.1.2 i-mode

Launched in 1999 in Japan, i-mode by NTT DoCoMo has been one of the few
success stories of mobile Internet. In December 2000 over 50% of NTT
DoCoMo's cellular subscribers had subscribed to i-mode. By June 2003, the
percentage had arisen to 87%, and i-mode comprised 60% of the Japanese
mobile Internet market in terms of the number of users. The most notable
competitors of NTT DoCoMo's i-mode are the mobile Internet solutions
provided by network operators J-Phone and KDDI. As these and other
competitors have released new services that in many cases have been more
innovative than i-mode services, i-mode has lost its appeal among new
subscribers. In the second quarter of 2003, only 32 % of new cellular subscribers
in Japan selected NTT DoCoMo. (Mitsuyama, 2003)

i-mode was initially available on 9.6 kbps packet-based networks. In 2002 the
network was upgraded up to 28.8 kbps. Already earlier, in October 2001 NTT
DoCoMo launched their 3G service FOMA that offered speeds up to 384 kbps
and the subscribers could access enhanced i-mode services known as i-motion,
referring to the availability of multimedia. At first, FOMA was available only in
very restricted areas. (Mitsuyama, 2003)

The data exchange protocol in i-mode is Compact HTML (¢cHTML), a subset of
HTML, enabling access to existing simple Web pages. Because of the packet-
switched network protocol, the Internet access mode has been "always on" from
the very beginning and users do not have to set up the connection to access i-
mode services. [-mode has been marketed as a consumer service, avoiding
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technical details in marketing and offering a compact packet of terminal device,
network and services on a turnkey basis to the consumers.

Figure 8. Two early i-mode phones.

In i-mode, the personalisation can be done within the mobile service itself. The
user can register sites to a personal page, "My Menu", which is accessible from
the i-mode front page. The user can also select "Add to My Menu" to add a link
while accessing the service. The latter approach does not require the user to
actively start personalising but (s)he can perform the personalisation as a sub-
task while accessing the services. There are both official i-mode sites with the
certification by NTT DoCoMo (3,462 official sites in March 2003) and
unofficial sites (64,207 in March 2003) (Mitsuyama, 2003). Since July 2000,
sites in the English language have also been available. Charging is based on
monthly basic subscription fee (300 yens — about 2 euros — in 2003) and monthly
subscription fees to information providers (100-300 yens — 70 cents to 2 euros —
per service in 2003) (Mitsuyama, 2003). E-mail has been the most important i-
mode service, and probably the key success factor behind i-mode. Before i-
mode, mobile messaging in Japan was based on pagers because SMS was not
available. As the number of i-mode users has grown, also the amount of usage
per user was saturated by early 2003 (Funk, 2004).
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NTT DoCoMo has defined their targeted value to the customers as providing at
affordable price:

e immediacy — information available as the end user needs it with low latency
e ubiquity — information available anywhere
e mobility — information available on the move

e utility — usefulness and ease of obtaining information.

NTT DoCoMo has paid a lot of attention to ensure the quality of i-mode
services. The guidelines for content providers (Mitsuyama, 2003) include e.g.
that all content must be updated several times a day so that it is as current as
possible and that the content must be as comprehensive as possible, providing
access to other levels of related information. In addition, content design must be
attractive and both the information provided and the services must be highly
readable and understandable. The i-mode service guideline (NTT DoCoMo,
2002) identifies the minimum requirements for i-mode services. The service
providers need to follow the guidelines by NTT DoCoMo in order to provide
services for the i-mode portal. However, NTT DoCoMo has the right to finally
accept or reject candidates for i-mode services. NTT DoCoMo has also created
guidelines for i-mode handset manufactures to ensure that devices include the
necessary features required to access i-mode services. For service providers,
today it is no longer as important as before to be one of the official i-mode sites,
because they have adopted other ways to distribute information about the
availability of their service. Also consumers have become more aware of
alternative sites.

The new FOMA services for 3G networks include distribution of videos, music
and electronic books, videoconferences as well as one-to-many video streaming.
The introduction of the 3G FOMA services was not as big a success for NTT
DoCoMo as the original i-mode. The main reasons for the slow start include:

e  The service area for WCDMA (wideband CDMA) that FOMA was using was very

limited in the beginning, and there were dead zones even within the reported service
areas.

e The first FOMA phones were bigger and thus clumsier than the subscribers were
used to with i-mode.

e Video calls and other 3G features consumed a lot of energy, and the users had
problems with charging their devices often enough.

e New services and features were introduced gradually, so the introduction of FOMA
did not bring in a revolutionary change for the users.

e FOMA handsets were considerably more expensive than the earlier i-mode devices.
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Mainly because of the better coverage, NTT DoCoMo's competitors had a better
start for their 3G services. For instance, KDDI was using a different network
technology that could utilise existing network spectra (CDMA2000) and could
thus provide better coverage from the beginning.

4.1.3 Mobile Internet usability

The basic usability problems with mobile Internet are related to the general
mobile usability issues described in Chapter 3.3. In a mobile phone, mobile
Internet is an add-on to a ready-made communications device. This causes
usability challenges in integrating the Internet functionalities into the device
menu structures so that they do not disturb the device's main functions of calling
and messaging. As described in Chapter 4.1.1, some early WAP phones left the
phone keypad intact, and others added WAP-specific keys such as Start WAP,
Back and Browser Options. The former approach kept the phone’s basic
functions easy to use but made using the new WAP functions more complex.
The latter approach made the phone more complex in all tasks, but made WAP
usage easier.

One of the early WAP usability papers by Buchanan et al. (2001) sums up the
basic design guidelines:

e Provide direct, simple access to focused, valuable content.

e Trim the page for minimum navigation needs; use simple hierarchies familiar from
phone menus.

e Reduce the amount of vertical scrolling by simplifying the text to be displayed.

e Reduce the number of keystrokes the user needs to make, e.g. replace text input with
selection lists.

Weiss (2002) gives more detailed guidelines to ease navigation by duplicating
the most popular links, putting links consistently on the bottom of the pages,
supporting number short cuts, keeping menus flat and providing a way out on
each menu. He also advocates avoiding text entry when possible, providing
content on each page to avoid endless navigation, and making the case in the
first 12 letters.

These guidelines have a lot in common with the many early WAP usability

guidelines provided by device manufacturers and other organisations in the field.
There have been both device-specific guidelines and efforts to provide more
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general guidelines. The problem with general guidelines is that their observance
tends to generate services that work in practice on any device but do not enable
utilisation of the advanced features of more versatile devices.

The guidelines by Sony Ericsson (2002) extend the view from managing the
technical limitations to making use of mobility. Sony Ericsson emphasises
presenting content relevant in mobile contexts — "here, now, fun and cool" — and
targeting the content at a wide audience. The content needs to be fresh, the
minimum content update rate according to Sony Ericsson (2002) is weekly, and
an ideal update rate every 5 minutes.

In addition to separately designed mobile Internet services, many Web pages
provide small screen / slow connection versions of their pages. On these pages,
the layout, display and sometimes also the content has been changed or reduced
to fit the restrictions of small devices and slow networks. Web pages can also be
transformed on line at the site or at the browser by linear transformation or
overview transformation (MacKay et al., 2004). Linear transformation converts
the site structure to a long linear list that fits with the width constraints of the
client device. User interaction on the transformed page basically consists of
scrolling the list and selecting links. This transformation is suitable for devices
with very small screens such as mobile phones. Overview transformation is
based on shrinking the original page. The user interaction consists of magnifying
parts of the screen and then interacting on the sub-screen. Overview
transformation is more suitable for devices with larger screens and more
processing power.

One of the most recent mobile Internet usability guidelines by Nokia lists five
key considerations when creating usable XHTML content for Series 60
platforms (Nokia, 2004):

Display size. Fit all components, such as images and tables onto the screen. Avoid the
need for horizontal scrolling. Use a brief and descriptive page title that fits on one line.
If a page is long, use anchors to enable jumping inside the page.

Images. Minimise the number and size of images. Make sure your service is
understandable also without the images.

Page layout. Do not use frames or pop-up menus, as they are difficult to handle on a
mobile browser display. Insert a Back link to each page.

Forms. Avoid requiring letters and numbers in the same input field. Prefer selection lists
over text fields. Avoid long text entries and provide good default values when possible.
Avoid errors by accepting several value formats and make error correction simple.
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Style. Check that the text has good contrast with the background. Limit the use of
different colours and use the same colour for the same XHTML elements. Keep the
content of the site consistent and apply the same style on all pages.

Mobile Internet usability research is mainly focused on coping with user
interface restrictions such as on-screen navigation (Ramsay and Nielsen, 2000;
Kaikkonen and Roto, 2003; Chitarro and Dal Chin, 2002; Chae and Kim, 2004).
The guidelines by Nokia (2004) well represent the current comprehension of key
issues related to mobile Internet usability, which is mainly related to the
restrictions of the devices and networks. That is why most guidelines focus on
avoiding or at least minimising certain types of elements and content. As user
input is usually quite tedious, the guidelines tend to recommend minimising
input efforts.

4.2 Location-based services

Positioning is becoming an integral part of new mobile devices and networks.
Location-awareness in services can be used to provide the user with topical,
location-based information, targeted at mobile users, not just a fallback to
Internet access. Different technology components for location-based computing
are currently available but the lack of integration architecture and the slow
development of business models has hindered the spread of location-based
services (Rainio, 2003). The large number and variety of location technologies is
likely to inhibit the growth of location-based services, as it will be difficult to
ensure a truly global service when technologies and standards differ from region
to region (ITU, 2002).

Market research in 1999 forecasted fast development and big business potential
for location-based services. In connection with the collapse of mobile Internet
hype, the expectations for markets of location-based services have also settled
down. The business is not expected to be significant until after 2005 when
location-based services are estimated to represent around 7-10% of the mobile
service market (Rainio, 2003). Currently, the consumer service market in Europe
is quite modest although services such as friend finders, maps and location-
aware directory services are available both as mobile Internet services and as
downloadable applications. The market introduction of location-based services
has certainly suffered from the bad reputation of WAP both in the media and in
the minds of potential customers. Also the marketing of these services has not

32



been very visible. For professional use there are already quite a lot of successful
services, e.g. for fleet management (Rainio, 2003).

As in the mobile Internet generally, Japan has also been the forerunner in
location-based services. All Japanese operators have some location-based
services, and the services were accessed half a million times a day in 2003.
Location-based services include searches for local services such as shops,
restaurants and hotels, coupons with special offers, local news, maps, traffic
information and weather forecasts (ITU, 2002; Rainio, 2003). DoCoMo i-area
service as well as J-Phone's J-Navi provide these local services simply based on
the handset's area code (ITU, 2002). One cultural specificity is that in Japan
employees get transferred frequently, and they use mobile location-based
services to familiarise themselves with their new surroundings (Rao and
Minakakis, 2003).

Rao and Minakakis (2003) point out that the main obstacles to the customer
value proposition for location-based services are the hype surrounding them, the
current limitations of technical solutions, potential intrusions into user privacy,
and the lack of sustainable business models that sufficiently address and enhance
the customer experience. Rao and Minakakis (2003) expect that the major
drivers for the demand of location-based services will be, in addition to the
consumer and business users, the large variety of objects and inventories that can
be identified and tracked in physical space. Business opportunities for consumer
applications include route guidance, personal information delivery at points
where needed, and niche applications with rich but narrow content for groups
such as golfers, outdoor enthusiasts and families.

4.3 Mobile service business
4.3.1 Mobile service markets

Figure 9 illustrates the results of a user survey by Gartner (Pittet, 2004) of
mobile service subscribers in six European countries (France, Germany, Italy,
Spain, Sweden and the United Kingdom). The respondents were asked for which
purposes they were using their mobile phones. Compared with text messages
that were used by 70% of the respondents, access to Internet and WAP sites was
quite rare, less than 10% of the respondents had been using their phone for that
purpose. The usage of mobile Internet also appears to have been growing very
slowly since 2002.
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A survey by Gartner in Japan (Liew et al., 2004) shows remarkably higher usage
percentages (Figure 10). Information services are used at least once a month by
50% of the respondents and location-based services by 30% of the respondents.
Email is still the most popular application, as almost 70% of the respondents use
it at least once a week. It is worth noting that this is the same percentage as text
message users in the European survey.
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Figure 9. Mobile phone usage for different purposes in six European countries
(Pittet, 2004).

The biggest challenge for mobile Internet is to provide consumers with services
and applications that they really want and that they are willing to pay for. ITU
summarises the main reasons behind the relative failure of WAP as a mobile
Internet platform on 2G networks as slow downloading, ineffective billing
models, lack of content and inappropriate interfaces in mobile phones (ITU,
2002). One of the main obstacles with WAP was the ambitious goal of making
WAP a universal standard and making a big compromise between all the
players, e.g. device manufacturers and operators.

Funk (2004) lists the lessons learned from mobile Internet. He disproves the
popular belief that Internet penetration, popularity of public transportation, the
type of mark-up language, the packet-based network or the service provider's
control over phone specifications are factors behind the high volume of mobile
Internet usage in Japan. Rather, he stresses that targeting the right kind of
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customers, providing the right kinds of content (especially email), making the
services easily available on a working service network, and easy micro-payment-
based charging have been the real factors behind the success of i-mode in Japan.
Other success factors have been the ready-made installations and reliability,
because the service entity has been built and tested with predefined service
content and for predefined devices (Funk, 2004).
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Figure 10. Usage of mobile data in Japan (Liew et al., 2004).

When the actual quality of WAP services failed to live up to the marketing hype,
people soon labelled WAP as a "big failure", and attitudes towards WAP
services turned negative. Also the service providers were disappointed with the
actual possibilities and the teething problems of the technical infrastructures of
WAP. As user attitudes towards WAP services were so negative, many service
providers soon turned back to SMS-based services because SMS was reliable
technology and they could reach large potential user groups with these
traditional services. SMS services are still popular ways of providing for
instance news and event information services. These services are relatively easy
to use because they just need to be ordered once, after which the subscriber
receives regular information updates automatically.
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It is interesting, though, to note the similarities in the reasons for the poor
performance of WAP in Europe and the slow start of NTT DoCoMo's 3G
network (FOMA) in Japan: high cost of services and handsets, limited coverage
area, lack of suitable content and technical problems. As FOMA is based on an
almost universal standard, WCDMA, it could be argued that some of the above-
mentioned problems may be related to difficulties in adopting this universal
solution, especially as KDDI's competitive and less standard 3G solution,
CDMA 2000, has been more successful on the market.

4.3.2 Business models for mobile services

Kallio (2004) has in her dissertation studied wireless business models. She has
identified ten different business roles as described in Table 2. Wireless business
networks can get quite complex, as there may be several actors in each category
involved. Some actors focus on content and some on the infrastructures and
technologies. Content providers need to have an insight into the possibilities of
the technology and the technology providers need to have an insight into the
needs of the content providers. In the Japanese i-mode model, the network
provider is the node that connects all other actors, is in charge of central business
roles (content integrator, infrastructure provider and network provider) and is
also in charge of the whole service entity. In open business networks, which are
typical of the Western business culture, the situation is much more complex.

Table 2. Wireless business roles (Kallio, 2004).

Business role

Function

application provider

develops horizontal or vertical applications

application service
provider

provides outsourced computing power on a rental basis

content aggregator

catalyses content and markets it to other actors

content integrator

integrates content and provides it to other actors

content provider

provides content to service providers, content aggregators
and integrators

infrastructure provider

provides application, network or system infrastructure

network provider

sells wireless network capacity to consumers via service
providers

service provider

provides services to end users

terminal manufacturer

manufactures terminal devices

end user

individual or company that uses the service

36




Perhaps the most meaningful difference between WAP and i-mode has been in the
business models. In Japan, the mobile Internet solutions have been strongly
controlled by the operators. The operators market service entities that include the
mobile phone, selected services and connections. The client gets the service entity
on a turnkey basis. The selection of the services has been wide from the very
beginning and the pricing, which is also controlled by the operator, is moderate.

The i-mode business model can be seen as a networked organisation, where the
nucleus of the network, NTT DoCoMo, has taken a strong role in managing and
controlling the network. NTT has strong alliances and partnerships that ensure
that the quantity and quality of i-mode services remains good. Key partners
include game companies, banks and credit card companies, database companies
and entertainment businesses. The operator defines the specifications for the
terminal devices and selects the terminal providers as well as the services to be
provided. The operator provides consumers with ready-made packets of device
and services. The service providers do not need to worry about device
adaptation. However, the service providers have to think about which operator's
portal they want to be in and whether they can be in several operator portals at
the same time. The service has to be tailored separately for each operator portal.

In Japan, NTT DoCoMo's decision to allow users to access freely any sites
enabled the creation of an entire industry of independent sites. Most of these
sites are free of charge. Personal mobile Internet home pages are very popular in
Japan, and the inclusion of a link to the home page in your mail signature is
especially popular (Funk, 2004). As the number of official i-mode sites has
grown, it has become less important to be one of the official sites, and content
providers have found other ways to attract users to their sites. Portals and search
engines are examples of these new service types. Funk (2004) points out that
new companies rather than companies familiar from traditional Internet have
succeeded in this market because of the disruptive nature of the mobile Internet
market. One example is Girls Walker, which is a mail magazine based on input
from 1,700 different writers, most of them writing as a hobby. Another example
is Magic Island, which is a portal offering content for young people as well as
the possibility to create own home pages. As people include their home page
address in their mail messages and as each home page includes a link to Magic
Island, the portal regularly gets new visitors.

The growing market and increasing technical sophistication of mobile
entertainment content has caused a complex value chain of activities to begin to
emerge in entertainment content and will likely spread to other content in Japan
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(Funk, 2004). Funk presents a model of this kind of value chain (Figure 11).
Service providers collect content fees from users and pass on a percentage of
these fees to the content providers. At the other end of the value chain, other
firms offer content providers the raw content or services such as content
production or site management. In the Japanese mobile Internet market,
examples of companies on the other end of the chain include companies focused
on mark-up language transformation, mail system transformation, ring tone
producers, and image processing services. Content production with Java is the
fastest growing market as most new entertainment content is written in Java.

Funk (2004) points out that mobile Internet offers an easy and cheap way to organise
for instance membership systems (such as regular customers), to offer customers
discount coupons or free samples and to make surveys among customers. These are
promising ways to enhance existing business with mobile services.

Rao and Minakakis (2003) point out that the key driver of location-based
services will be a degree of fit between the system's technical feasibility and the
overall marketing strategy guiding its usage. Several technologies and platforms
need to be connected and integrated with the wireless network infrastructures,
ranging from different servers to back-end databases. Solving the complex
puzzle of disparate software, hardware and connectivity components poses a
major challenge for the design of low-cost, reliable and high-quality systems.
However, Rao and Minakakis point out that success in this area will accelerate
networking effects, leading to widespread adoption, expansion of the customer
base, and lower operating costs.

Content owner (music,
images, video, data)

Content production

processing (markup Content Deliver contents
language transformation, | % provider y User
data compression)

Pass on

percentage of
Content operation gontent fees ay for contents via
(delivery technology, telephone bill
streaming, server Service
management) provider

Figure 11. An example of the mobile value chain for entertainment services
(Funk, 2000).
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In their interviews with technical enablers of mobile services and the potential
users of mobile business services in Finland, Alahuhta et al. (2005) found that a
clear and shared understanding of the mobile value networks was still missing.
The market is emerging and the interviewees expressed the wish to join forces in
research and development to extend the value chains beyond niche technical
application areas. Also the service provider interviews carried out by Kallio (2004)
point out that the service providers considered the applications and services as
easy to implement but found it very complicated to manage the whole delivery of
the service from design to marketing. On the technical side, the interviews by
Alahuhta et al. (2005) pointed out that browser-based applications seem to be the
best solution for most services. Mobile services were thought to be best suited to
real-time information without high requirements for large displays or input
capabilities. The life span of a mobile application is around 18 months, including
development. This indicates a need for faster, iterative design processes, as
pointed out also by Ketola (2002) and Kallio and Kekalainen (2004).

Mobile services have got off to quite different starts in Japan and in Europe. The
Japanese operator-centric business model has been easy to handle, but more
flexible business models will be needed to keep the market open for all kinds of
actors. The European market has suffered from the failed introduction of mobile
Internet and that is reflected in the low-profile marketing of mobile Internet
services still today.

4.4 Future visions of mobile service concepts

Marcus and Chen (2002) point out two alternative trends in the development of
mobile devices: the device can either be an information appliance especially
designed for a certain user task or a "Swiss-army-knife", useful in many
different situations. Both solutions have their benefits and drawbacks.
Integrating many different functions into a single device may make the user
interface complicated and the device non-intuitive (Norman, 1998). On the other
hand, it might be impractical to have several different information appliances for
different purposes, especially if the usage need is occasional.

According to Marcus and Chen, context-awareness, especially location-
awareness, can solve problems related to baby-face displays and tedious text
input by giving the user easy access to the services relevant in his/her current
context. Time-shifting: "start now, finish later" will be important in mobile

39



services, which are often used during casual empty moments. Also context-
based reminders like "reply to this at home" will be useful.

Norman (Bergman and Norman, 2000) points out that future IT products will be
designed for everyday persons, not for early adopters or technologists. The products
are meant to fit one's lifestyle and give value and convenience. This will require a
different approach to design: you have to observe the way that people live so that
you can design the product to fit naturally and seamlessly into their lives.

Although the above-mentioned visionary publications are getting a bit old, the
question of information appliance or Swiss-army knife still remains unanswered.
Mobile phones are being equipped with more and more different functions and
applications, but at the same time other everyday devices are getting equipped
with communication capabilities. For instance, some new digital camera models
have embedded network connections to transfer the photos more easily.

Plomp et al. (2002) predict that in the future mobile devices will increasingly
interact with users and will be part of smart environments. These smart devices
will consist of either a unique handset gathering various functions (computing,
communication, sensing, multimedia processing, etc.) or various context-specific
add-on modules (GPS, video streaming, camera, actuation, health monitoring
etc.). These systems will be context-aware — they will identify the current
context of use and adapt their behaviour accordingly.

Norros et al. (2003) predict that in the future, mobile devices will not just be
entities in their own right but they will become tools to get information about the
environment and to interact with the environment. These characteristics will
become possible as more and more of the context can be measured, identified or
predicted. Norros et al. suggest that introducing ambient intelligence as
enhancements to current mobile services will ease the adoption of ambient
intelligence and facilitate solutions where the user feels and really is in control.

Islam and Fayad (2003) point out four main challenges that need to be overcome
before ubiquitous access to information anytime and anywhere can gain
worldwide acceptance:

1. Designing applications for multiple devices is challenging. Successful applications
will exploit the uniqueness of each device. Different devices are appropriate for
different tasks and this should also guide the application design.
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2. Increasing memory capacity, e.g. in the form of memory sticks, gives new potential
to making mobile devices truly personal as they are able to store large amounts of
personal data. Unfortunately, battery technology lags far behind the technical
enhancements to mobile devices. Each hardware add-on requires additional power.
This raises the need for power conscious hardware and software solutions.

3. Network heterogeneity poses a challenge for roaming. The applications have to
adapt to changing network environments in real time, and connectivity management
becomes a major task in the mobile devices.

4. In spite of increasing alternatives for mobile networks, the users still need the
possibility to use their applications offline. This raises the major challenge of
resynchronisation.

Islam and Fayad (2003) point out the necessity to develop devices in parallel
with the mobile infrastructures: new types of content require new types of
devices, new network options require devices that can choose the most suitable
network in each context of use, increasing hardware add-ons require additional
battery power, more applications and personal content require more memory
capacity and so on.

An important issue for mobile services is service discovery. Today information
about mobile services (e.g., ring tones, logos, and Java applications) can be
found from traditional media such as newspapers. In order to have successful
mobile business in the future, users should be able to find services easily from
networks and from the surrounding environment in real time. The environment
has to inform the user about the services available around him/her, give easy
ways to take the services into use, and to adapt the services and user interface
according to the usage context (Alahuhta et al., 2004).

Alahuhta et al. (2004) see a transition from network centricity towards terminal
centricity taking place. Services will increasingly exist on the user's terminal
instead of on network servers, and the users will be able to download applications
onto their devices. Open software platforms such as Java, Symbian and Linux will
enable this development. Terminals will be used for many new purposes, such as
MP3 player, TV, radio, camera, remote controller, data storage and GPS.

Agent technology has long been under discussion, and in mobile services agent
technology is expected to be a necessary tool to help the users cope with the vast
amount of information and services. Norman (1998) points out that the value of
agents is high when they work inconspicuously in the background and then,
when they surface, they do it gently, offering suggestions that the human user
can decide to explore or ignore. According to him, the danger of agents arises
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when they start wresting away control, doing things behind the user's back,
making decisions on behalf the user, taking actions and in general, taking over.
Norman (1998) finds the goals of agent technology attractive and points out that
the agents hold great promise at some, yet unspecified, future time. Agent
technology will be acceptable only when it is sufficiently intelligent and reliable.
This development will take time and current technology roadmaps estimate that
large-scale deployments of agent technologies will not take place until around
2012 (Alahuhta et al., 2004).

The future of mobile services seems to have several alternatives that may all
come true. Mobile services will increasingly be available locally or contextually,
providing users with services that optimally suit their current context of use. As
service adaptation techniques develop, fixed network services will increasingly
be available and automatically adapted also for mobile users. Not all services
require a network connection. Mobile users will be provided with disposable
applications that they can easily download and take into use when needed. When
these are no longer needed, they will simply be thrown away. In addition to all
this there will probably be small dedicated information appliances that are
specially designed for a certain purpose, and that include all the necessary
software and hardware ready to use.

4.5 Challenges to user acceptance of mobile services

With the success story of i-mode in Japan and the failure of WAP in Europe, it is
tempting to conclude that user acceptance of mobile services could be
guaranteed by repeating what NTT DoCoMo did and by avoiding the mistakes
made with WAP. A lot can certainly be learned from the past but repeating the i-
mode success is not an easy task, as NTT DoCoMo's slow start with FOMA
shows. Actually, the failure with the introduction of FOMA shares many
similarities with the introduction of WAP in Europe: modest selection of
services, technical problems and high prices.

E-mail boosted all other i-mode services. As i-mode e-mails could include links
to i-mode services, there was a ready-made channel to inform users about
interesting sites and thus to encourage the use of the services. In Europe the
users already have the mobile messaging service, SMS, in good use and it
remains unclear whether some other service could be the one to boost mobile
Internet in Europe. Messaging provides good value to the users as it enhances
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the role of the mobile phone as a messaging device. It is not easy to imagine
another service that would provide as much value to the users.

WAP was introduced to the market as an unfinished solution using unfinished
infrastructures. The marketing message did not give a realistic description of the
possibilities available, installation of the browsers turned out to be complicated
and the available content was very modest. Slow connections, high costs and
repeated technical problems completed the failure. The users would have needed
more realistic information about the services available and how to take the
services into use. Compared with the i-mode approach, where the users got a
ready-made package of a phone and services ready to use, the difference is
obvious. The failed initial introduction of the services still affects the attitudes of
the users and can be seen in the usage figures of mobile services in Europe.

The usability of mobile services has been studied a lot and several guidelines are
available. Although mobile devices have developed, user interface restrictions
still remain and cause usability problems that can easiest be overcome by
avoiding certain kinds of elements and content in the services. The goal of
universal services that would work optimally on any device and network has
turned out to be extremely ambitious, as the variety of devices and technical
infrastructures is constantly growing. Furthermore, the services need to adapt to
changes in technical infrastructures, such as the available network on the move.
Personalisation and context-awareness have been proposed as solutions to
usability problems but they may bring in new ones. Perhaps even bigger
problems than ease of use have been the technical reliability of the services as
well as difficulties in installing and configuring the services.

Future visions of mobile services present solutions where information about the
user is increasingly collected and transferred to the services, for instance to
provide the users with contextually and personally relevant services. This trend
highlights the need for privacy protection. As mobile devices are increasingly
used to interact with the environment, service discovery and adoption become
more important.

The life spans of individual mobile services are quite short and they do not allow
extensive human-centred design activities. Lack of sustainable business models
makes managing the delivery of the service from design to marketing
complicated and thus limits the number and quality of services available.
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The challenges for user acceptance of mobile services arise from the
increasingly complex technical and business environments, where the users
access the services with mobile devices that have several user interface
restrictions. At the same time the pressure for faster development cycles does not
allow extensive usability studies, and the services may end up on the market
with severe usability and technical problems as well as inadequate content. In
this challenging design environment there is a need to extend the focus of
current usability-oriented design guidelines to better cover the design decisions
that affect user acceptance.
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5. Related research

5.1 Approaches to study user acceptance of technology

This chapter gives an overview of different approaches to study user acceptance
of technology: the Human-Centred Design process, which aims at producing
usable and thus acceptable products; the Technology Acceptance Model, which
predicts usage behaviour based on user and environment characteristics as well
as perceived product attributes; and the Innovation Diffusion Theory, which
studies the likelihood and the rate of an innovation being adopted by different
user categories. This chapter also introduces the Technology Hype Cycle, which
describes the almost inevitable progress of new technologies from over-inflated
expectations created by hype and over-enthusiasm to disappointments and
negative hype and then again to a new start from more realistic ground.

5.1.1 Human-centred design process

Nielsen defined usability engineering practices in his book Usability engineering
(Nielsen, 1993), which has become one of basic textbooks on usability
engineering. Nielsen's usability concept (Chapter 3.3) was mainly related to user
interfaces and thus the usability engineering practices that he proposed were also
focused on designing user interfaces. Later on, the focus of human-centred design
has been shifting more towards the contexts of use. The ISO (1998) definition of
usability (Chapter 3.3) emphasises context of use, and also the definition of
human-centred design process in ISO 13407:1999 (ISO, 1999) has a strong
emphasis on the intended contexts of use. [SO13407:1999 defines the design
process to make systems usable. The standard is targeted at project managers and
it defines how to organise and manage a human-centred design process.

According to ISO 13407:1999 (ISO, 1999), the incorporation of a human-
centred approach is characterised by:

a) active involvement of users and clear understanding of user and task requirements,
b) an appropriate allocation of functions between users and technology

c) the iteration of design solutions

d) multidisciplinary design.

According to the standard (ISO, 1999), the goals of individual evaluation activities
can be to assess how well the system meets the goals of the user or the
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organisation, to diagnose potential problems and identify needs for improvements,
to select the proposed design option that best fits the user and organisational goals
and/or to elicit feedback and further requirements from the users.

The human-centred design process consists of successive cycles of specifying the
intended context of use, specifying user and organisational requirements,
producing design solutions, evaluating the solutions against the requirements, and
then again refining the context of use as illustrated in Figure 12.

Identify need for
human-centred
design

Understand &
specify the context
of use

System meets
specified functional,
user & organisational
requirements

Evaluate design
against
requirements

Specify the user &
organisational
requirements

Produce design
solutions

Figure 12. Human-centred design process (ISO, 1999).

ISO 13407:1999 has been criticised because it does not take into account current
software engineering practices. Software engineering is today based on system
modelling, and prototyping suggested by the human-centred design approach is
technically very difficult, especially as the systems are getting more complex,
services are distributed and design work is concurrent. Gulliksen et al. (2003)
claim that this basic difference in the approaches is an obstacle to the adoption
of human-centred design in software engineering. Ketola raised the same theme
is his dissertation (Ketola, 2002).
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In some approaches the main focus of the design is on the usage situations.
Contextual design (Beyer and Holzblatt, 1998) emphasises the significance of
clarifying the task context, including the goals and conditions of action.
Information technology products need to be designed in parallel with the
redesign of working practices. User experience research focuses on studying
how different users experience the usage of a product in different situations
(Battarbee, 2004).

Norman (1998) points out that designers need answers in hours, not months.
According to him applied science does not need the precision of traditional
scientific methods used in social and behavioural sciences. In product design, the
focus is on seeking big phenomena and they can be found with simpler methods.
Norman (1998) proposes rapid ethnography as a research method to invent new
product classes. Rapid ethnography includes not just observing potential users
but making these people participants in the discovery process of learning what
their real needs are.

Kallio and Kekaldinen (2004) also point out that product lifecycles of mobile
services are short, varying from one month to one year. In this kind of
development environment there are needs for less time-consuming and less
expensive methods. Kallio and Kekaldinen propose an approach where the
collaboration between the Human-Computer Interaction (HCI) department and
the marketing department within a company is improved. As marketing
departments are carrying out focus group interviews, the participants of the
focus groups can be involved in usability tests right after the group sessions. To
facilitate having several test users in parallel, the tests are conducted by having
user-pairs in the tests and non-expert moderators. In the study by Kallio and
Kekéldinen (2004), the user-pair tests revealed nearly half of the problems that
were identified in individual usability tests.

Regarding technology research, the shortcoming of both human-centred design
approach and contextual design is the product-centredness of these approaches.
Both approaches are designed to guide a design team that already has the
mission of designing a certain kind of product. User feedback is collected to
guide the design of this individual product. In technology research the aim is
rather to identify how a certain technical solution could be utilised in different
applications, demonstrate these applications, and study user acceptance of these
applications to get information to guide future commercial development. This
indicates that the focus needs to be enhanced to business and marketing research
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methods such as the Technology Acceptance Model and the Innovation
Diffusion Theory, which are described in the next chapters.

5.1.2 Technology Acceptance Model

Davis presented in 1989 the Technology Acceptance Model (TAM) to explain
the determinants of user acceptance of a wide range of end-user computing
technologies (Davis 1989). The model is based on the Theory of Reasoned
Action by Ajzen and Fishbein (1980). TAM points out that perceived ease of use
and perceived usefulness affect the intention to use. Davis (1989) defines
perceived ease of use as "the degree to which a person believes that using a
particular system would be free from effort" and perceived usefulness as "the
degree to which a person believes that using a particular system would enhance
his or her job performance". Perceived ease of use also affects the perceived
usefulness (Figure 13). The intention to use affects the real usage behaviour.
TAM has been tested and extended by many researchers, including Davis
himself. TAM has been designed to study information systems at work to predict
if the users will actually take a certain system into use in their jobs. The model
provides a tool to study the impact of external variables on internal beliefs,
attitudes and intentions. TAM has been applied mostly in studying office
software usage and in that application area the model can explain about 40% of
system use (Legris et al., 2003).

Perceived
Usefulness \
Intention to » Usage
Use behaviour
Perceived /
Ease of use

Figure 13. Technology Acceptance Model (Davis, 1989).
TAM deals with perceptions; it is not based on observing real usage but users

reporting their conceptions. The instruments used in connection with TAM are
surveys, where the questions are constructed in such a way that they reflect the
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different aspects of TAM. The survey questions related to usefulness can be for
instance "Using this system improves the quality of the work I do" or "Using this
system saves my time". The survey questions related to ease of use can be for
instance "The system often behaves in unexpected ways" or "It is easy for me to
remember how to perform tasks using this system".

Venkatesh and Davis (2000) have enhanced the model to TAM2 (Figure 14),
which provides a detailed account of the key forces underlying judgements of
perceived usefulness, explaining up to 60% of the variance in this driver of
usage intentions. TAM2 reflects the impacts of three interrelated social forces:
sub