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Abstract

The diversity of mobile Internet services and devicesisincreasing. New services
will reach a growing number of users, which means that user heterogeneity will
increase. Providing device adaptation and personalised services is a major
challenge when moving towards a device-independent web.

The WAP-UAPROF project (November 1999 — October 2001) was used to
design and implement an adaptation proxy with capabilities for web and media
conversion. Personalisation and communication tools were also implemented.
The service was evaluated with 81 users in two separate field trials in 2000 and
2001. Profiles of mobile users were drawn from the results.

Free mobile access to web content brought WAP to a more personal level. With
greater content, users shifted towards services that answered their personal
needs. There was aso a clear need for interactive services, where users could
interact and communicate with other people. Context-wise, the field tria
demonstrated that much of the use took place at home in the evening, rather than
on the move.

The user studies were complemented with two rounds of interviews with service
providers. The service providers regarded the conversion proxy as a viable
approach to providing access to web services for mobile customers and
employees.

The conversion and adaptation proxy server is a working solution to give WAP
clients access to web services and to adapt WAP content for different devices.
The results of the user studies stress the fact that mobile devices are above all
personal communication devices. The most popular services included personal
content and services, which provided users with new ways of communicating
with other people. Targeted services, which coincide with the users lifestyles,
are needed to serve the interests of a growing diversity of users.



Preface

This publication contains the results and experiences of the two-year project
"Adaptation of Internet services to mobile terminals - WAP-UAPROF" which
took place between November 1999 and October 2001. This project was part of
the "USIX User-Oriented Information Technology" research programme run by
the National Technology Agency of Finland (Tekes).

Besides Tekes and VTT Information Technology, a further four companies -
Alma Media, Nokia, Radiolinja and Teamware Interactive - financed the project.
Each of the co-operation partners was represented in the project management
group. The project also comprised a technical support group including
participants from the companies involved as well as the project group. Both the
management group and the technical support group made a major contribution
towards ensuring the success of the project.

The project team at VIT Information Technology included Matti Aaltonen,
Matti Alatalo, Tapio Hiltunen, Eija Kaasinen, Eija-Liisa Kasesniemi, Juha
Kolari, Minna Kulju, Timo Laakko (project manager), Juha Leppénen, Olli
Pihlajamaa and Raisa Suihkonen. In addition to technical experts, the
multidisciplinary project team included experts on human-computer interaction,
cultural research, psychology and commercial science. Also, several other
individuals at VIT Information Technology and the participating companies
have contributed to the results of the project. We also wish to acknowledge all
the participants of the user trials, who gave us their time and insight. They were
essential to the project.

The project was used to design and implement a web conversion and adaptation
proxy, as well as personalisation and communication tools. A human-centred
design approach was adopted throughout the project: the acceptance of the users
and service providers guided the design process from the very beginning. The
services developed were evaluated in large scale field trials, resulting in outlines
to meet the challenges to the usability of services and adaptation from one
context of use to another.
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1. Introduction

1.1. Background

The rapid growth of Web applications has led to a situation where companies
and individuals rely more and more on material that is available on the Internet
and intranets. The next step is for mobile users to gain access to the Web in a
larger extent as well. Even before the advent of WAP (Wireless Application
Protocol), some simple interactive services have been available to mobile phone
users. These services are based on the GSM short message service (SMS) and
include schedules, news, sport results, weather forecasts and so on. Although the
available SMS-based services are rather awkward to use, they have become
quite popular. This indicates a need for additional mobile Web applications.
Access itself will probably be the killer application for the mobile Internet.
[KAAO0]

WAP provides an extensible environment for application development for
mobile communication devices [WAEO]. It makes it possible to provide
markup-language based services for different mobile devices equipped with
suitable browsers. Furthermore, WAP defines protocols and run-time
environments needed in delivering new and existing Internet services to mobile
users.

Current discussions about mobile Internet often start by blaming WAP as a total
disaster. It seems that service designers would rather forget this embarrassing
failure and start all over again with 3rd generation mobile networks and devices.
But will things get better just with faster networks and multimedia? There is
more to learn about the first user experiences with mobile Internet on phones
than just to increase speed and decrease the price.

Ramsay and Nielsen [RAMOO] state in their study that WAP is not web: the
kinds of user interface solutions that we are used to in Web world do not always
work on small mobile devices. However, mobile Web cannot be an entity on its
own right, either. In the future the same user may have several mobile and fixed
network devices from which (s) he selects the most appropriate for the current or
planned context of use. The different devices should be able to communicate
with each other and access same data [OLS98]. It would be beneficial to be able



to use exactly the same services on these different devices and even to change
the device in the middle of a usage session.

How should service providers create services for the growing variety of mobile
clients? Simultaneously with the ongoing international specification work of
WAP, we have studied two different approaches for bringing Internet services to
mobile devices [KAA00, KAAO1]. The mobile-aware approach is to design and
implement totally new services that are specially designed for mobile users. A
more generic approach is to develop techniques with which current Internet
services can be converted transparently and in real time, and be suitable for
mobile users. We have implemented and evaluated both kinds of solutions.

UAPROF adaptation
;-

HTMAL, WHAL e - :
EML, AHTNIL ’ - 1

L -

o | b= =~
Gateway | proxy s
WiAP-server ViAP-terminal

Figure 1. Adaptation of Internet services to different terminals.
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1.2. The objectives of the project

The project studied the adaptation and implementation concepts of the
Internet/Web services for mobile environments. The project aimed to develop a
system that can be used to adapt Web services and applications to the growing
variety of WAP phones and terminals (Figure 1). The adaptation took into
account the terminal and network capabilities and properties, as well as user
preferences. In that, the User Agent Profile (UAProf) information may be
utilized by the client terminal/browser, proxies, and application servers in the
content and terminal adaptation and personalisation. The project also designed
and implemented applications and services which utilise personal multimedia.
The conversion and adaptation service as well as the example applications were
evaluated in user trials.

Usability and utility of the services were the key issues in the project. The design
process consisted of iterative design and user evaluation phases. With the
methods of human-centred design, the project aimed to ensure that the realised
solutions fulfilled the requirements of both the mobile users and the service
providers.

The initial goals and requirements included the following:

e To study the adaptation and implementation concepts of the Internet/Web
services for mobile environments. The project aimed to develop a system
that can be used to adapt Web services and applications to the different
kinds of WAP phones and terminals which may become available in the
future.

e To develop and finalise new examples of adaptable services. The adaptation
must take into account the terminal and network capabilities and properties,
operational environment and user preferences.

With the methods of human-centred design, the project aimed to ensure that the

realised solutions fulfilled the requirements of the mobile users and service
providers.
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1.3. Overview

This document summarises the results and experiences gathered from the WAP-
UAPROF project. In the first instance, chapter 2 provides an introduction to
aspects of a device independent web as well as usability issues related to this.
Chapter 3 describes our approach to a device independent web and WAP access
to web services. Chapter 4 describes the conversion and adaptation proxy server
in more details. Chapters 5 to 11 describe and analyse the set-up and results of
the user trials. Chapter 12 highlights the points of views of the service providers.
Finally, we draw our conclusions in chapter 13 and point out some directions for
future work in chapter 14.
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2. Towards a device-independent web

The diversity of mobile Internet services and devices is increasing. When the
Internet becomes available on mobile devices, the users can gain access to it
almost anytime and anywhere. New services will reach a growing number of
users, which means that user heterogeneity will increase. Providing device
adaptation and personalised services is a major challenge when moving towards
a device-independent web.

The main user interface restrictions of mobile devices are: small screen, limited
input techniques, limited amount of memory, and slow network connections.
Today, the users try to overcome these problems by avoiding complex pages. A
number of service providers maintain separate and lighter versions of their web
pages for mobile users.

2.1. Mobile services

In his Alertbox (October 1999), Jakob Nielsen defines three levels of
sophistication on the Internet [NIE99]:

e Specialised applications that are optimised to the best possible user
interface to a set of advanced features. These applications will not
necessarily run on older browser versions.

e Traditional web pages that are highly standards-compliant and will work
on two-year-old browsers.

e Narrowly focused small devices that cannot support the full range of
features because of their small screen or low bandwidth.

There is a need for both mobile-transparent and mobile-aware services (Figure
2). Mobile-aware services are specially designed for mobile users. Often, these
services are designed for use at a certain place, e.g. a conference information
system or a location-aware tourist information service. The mobile-aware
service may be accompanied by a web service, but both services have their own
functions.
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Most web services are such, however, that people need to access them at any
time and anywhere. Users want to access the same services with different
devices depending on their current context of use. These services should be
mobile-transparent to the user, i.e. they should adapt their contents and
presentation according to the device being used, network characteristics and user
preferences. It is beneficial to maintain the look and feel of the service as much
as possible because familiarity improves usability.

In addition, there is demand for distributed services where a mobile service
complements a fixed network service or vice versa.

Mobile-transparent services

7 :
o | ﬁ LI £
. WAL

(XIHTHL Prasy For -
tanbent serser COnversion and —...

coimhend 3 ! 1

aoaptatan L

L | e
Mobile-aware services A .
Gatewary |

WL | cHTML - Agpplication '
cnbant SETVET

Figure 2. Both a mobile-transparent and mobile-aware service are needed, as
well as solutions where one approach complements the other.

The World Wide Web consortium (W3C) has specified usability guidelines for
web design, such as HTML 4.0 Guidelines for Mobile Access [W3C99a] and
Web Content Accessibility Guidelines [W3C99b]. The guidelines point out that
anybody can experience accessibility problems, depending on his/her context of
use and the terminal being used. That is why these two W3C guidelines are
similar in many respects. The key recommendations include separating content
and presentation, providing alternatives for auditory and visual content,
providing context and orientation information and avoiding excess content.
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In our laboratory tests, we found that the W3C guidelines can also be utilised in
designing convertible sites. Our HTML/WML conversion proxy could correctly
convert most of the sites that were designed according to these guidelines
[KAAO0].

2.2. WAP devices

Symbian has classified future mobile devices into three categories:
communicators, smartphones and feature phones [AllinO1]. Current WAP
devices include all of the above categories. In addition to the display and input
methods, the devices also vary according to accepted content types and network
connections.

An important difference in WAP devices is also the functionality of the browser.
WAP browsers differ in at least the following characteristics:

e The use of soft keys

e Availability of Back/Forward

e Left/right navigation on the screen
e Displaying the title of the card

e  Support for wizards

e Location of initial focus on a card
e Support for tables

e Supported image formats

e Layout on the screen

e Preferred menu presentation

e Availability of short cuts

e Preferred presentation of forms

WAP is an open standard, available for all vendors. That is why the variety of
devices and browsers poses a big challenge in designing usable WAP services.
The designer can create a generic application by avoiding all browser-specific
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features. However, a better approach is to adapt the application for specific
browsers, in which case the designer can utilise specific browser features to
overcome usability problems or to improve usability.

In their WAP study [RAMOO], Marc Ramsay and Jakob Nielsen describe a
situation where two users access the same site with different phones. One of the
users describes the site as "fantastic", and the other says that the site makes him
feel "aggrieved". The latter user could see the index of a restaurant guide but
every time he tried to access the information itself, he got the message "wrong
address". These kinds of problems arise when designers have omitted to take
into account the different capabilities of the WAP devices and the different
interpretations of WML code on the browsers.

Different from WAP, the Japanese i-mode is a closed specification. The operator
(NTT DoCoMo) [NTTO1] is both in charge of delivering the devices and
offering the services. The user interfaces of the different phones all follow the
same specifications, and the operator also selects the services to be provided. In
this approach, service providers do not need to worry about the adaptation of
services.

Recently, more attention has been paid to the consistency of WAP browsers. In
May 2001, GSM Association has published M-Services feature guidelines for
mobile phones [GSMO01]. The aim of these guidelines is to ensure that service
providers can depend to a certain extent on a consistent set of features and
services in mobile handsets.

The M-Services guidelines propose two alternative HMI (Human-Machine
Interface) models in the browser, depending on the keypad layout of the phone.
One of the models resembles the current Openwave browsers, whereas the other
resembles the Nokia and Ericsson models. Other device characteristics
recommended by the M-Services guidelines include for example a dedicated key
to access M-Services, four navi keys and a specific alert indicator (status bar,
icon, etc.) for WAP push alerts.
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2.3.  WAP usability

Usability is a measure of the quality of a system from the user's point of view.
Usability defines whether the system solves the right problems from the user's
point of view (i.e. includes the right functionality), and whether the system
solves the problems in the right way (i.e. is easy to use). Usability design implies
learning to know the users and understanding their needs so that the user's point
of view is properly taken into account in the design.

Usability has multiple components. E.g., it is defined by International
Organisation for Standardization (ISO) as "The effectiveness, efficiency and
satisfaction with which specified users can achieve specified goals in particular
environments". [ISO9241]

o Effectiveness defines whether the system includes the right
features from the user's point of view.

e Efficiency defines how quick and easy the system is from
the users point of view.

e Satisfaction defines that the system should be pleasant to
use, so that the users are subjectively satisfied when using
it, i.e. that they like it.

The effectiveness problems in WAP services are often related to the limited
selection of available services, and the limited contents of these services. There
are no general rules for what kind of content mobile users will need. Mobile
services are often built as subsets of fixed network services, picking up a small
selection of contents based on assumptions regarding what kind of services
mobile users will need. The process often leads to a general content that can also
probably be accessed elsewhere, and more easily than with the WAP service.

The main efficiency problems in WAP Services are related to the restrictions of
mobile devices, browsers and networks. In current WAP networks, the main
efficiency problem is the time required to establish a connection to the service.
On a small screen, only a limited amount of information can be displayed at a
time. Because of memory restrictions, the device can only receive a limited
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amount of data at a time. When accessing the service, the user has to scroll the
screen and wait for new downloads every now and then. Since the information
has to be served to the user in "small portions", the services have to be
constructed based on limitations rather than natural classification. As a result,
the services often include artificial classifications, thus causing problems to the
user. For instance, the services are often divided into categories such as
“Utilities”, “Tools” and “Entertainment”, giving the user little idea which
category the service he or she is seeking belongs to. The navigation efficiency in
the services can be improved by trying to make the items that the user is most
likely to request the easiest to access. The user should get good navigation
support, including feedback in the page header on where he/she currently is in
the service. There should also be easy access to back and forward, as well as to
"safe havens" in the service.

User satisfaction is based on the total usage experience, ease of use and utility
(Figure 3). Mobile users do not usually browse around but need the information
or service quickly. Compared to fixed network users, mobile users need services
that are faster and easier to use on their much more modest devices. These user
requirements are not easy to fulfil.

S 4

Figure 3. User satisfaction can be achieved with easy-to-use and useful services.
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2.4. WAP usability design guidelines

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, as more devices were launched onto the market, a concept of
designing generic WAP applications was published in WAP Forum. The idea
was to give instructions on designing minimal services that would work with any
device, even the most modest one. However, it was soon admitted that the
variety of the devices available was so big that these kind of general guidelines
did not work.

Today, the guidelines under discussion in WAP Forum [WAPF] emphasise that
generic applications are a good solution when it is not possible to test the
application on different platforms. The most usable services utilise the unique
features of each phone and browser.

Phone and browser manufacturers provide their own guidelines for specific
phone models. The phone manufacturers Ericsson and Nokia have published
separate guidelines for almost each one of their models [Ericsson00, Ericsson01,
NokiaO1]. Openwave provides guidelines which advise adapting applications for
phones using Openwave browser, Nokia browser or Mitsubishi Trium browser
[OpenwOla].

All the guidelines for WAP applications emphasise simplicity, navigation
support and consistency. With WAP phones, users are typically not browsing but
quickly looking for specific information. Text entry is slow and cumbersome, so
it should be avoided or minimised. Often, text entry can be replaced with, for
example, selection lists. Unnecessary user errors should be avoided and in the
case of an error, the user should be told what the problem is and how he/she
could solve it. The WAP design guidelines do not presume that the service to be
designed already exists in the Web. Thus the guidelines concentrate on giving
advice in creating a service from scratch, rather than adapting existing services.

From the service providers' point of view, the variety of the different design
guidelines presents a number of problems. The aim of the service provider is to
serve all customers, irrespective of their phone model. In practice however, it is
impossible to take into account all kinds of devices. Usually, the service
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provider only takes into account the most common devices used on the target
market. This means that those users whose phone models are less common will
only get the "minimum service", if any at all, whereas other users may get a
more usable service, i.e. one that is specially adapted for their phone. In
addition, when new phone models are launched on the market, the service
provider has to adapt the service accordingly.

2.5. Device adaptation

XML (eXtensible Markup Language) is a meta language for describing other
markup languages. As a meta language, XML makes it possible to define
customised markup languages for different purposes [XML]. For instance,
XHTML 1.0 [XHTML] is a reformulation of HTML 4 in XML 1.0. XHTML
includes better support for separating content and presentation, and it provides
new ways of having alternative content formats. Some usability design
guidelines for XHTML are already available. For example, Johan Hjelm
[HJEOO] has defined 32 detailed rules for mobile web design utilising the
possibilities of XHTML.

XHTML is also modular [XHTMLM] and thus easily extendable. As a
consequence, browsers have to support several different modules. In particular,
XHTML Mobile Profile [XHTMLMP] (a part of WAP 2 specifications) is based
on the modularization of XHTML and is an authoring language for WAP2
services and applications. It is a strict superset of the XHTML Basic document
type [XHTMLB]. The WML 2.0 document type extends XHTML Mobile
Profile. WML 2.0 includes WML 1.x compatibility and other extensions.
XHTML Mobile Profile is a compact core module, which is to be supported by
most of the browsers. The WML documents written using earlier WML
versions (WML 1.x) can be transformed into WML 2 format. WAP 2 also
includes style sheets (WCSS) [WCSS] targeted for XHTML Mobile Profile and
WML 2 documents.

Device adaptation could be based on the available information regarding the

client device (browser), the network used, user preferences etc. All this
information should be available to the software component that performs the
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adaptation. In that, WAP User Agent Profile (UAProf) (see chapter 4.1)
specification is targeted to provide a basis for the adaptation.

W3C has recently started a "Device Independent Web" activity [W3CO01]
working towards seamless Web access and authoring. The motivation of the
activity is that content authors can no longer afford to develop a content that is
targeted for use via a single access mechanism only. There is a need for common
guidelines on how to design and provide multiplatform web services.
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3. Our approach to adevice independent

web

We implemented a conversion and adaptation proxy server which converts and

adapts web services for different WAP client terminals. Figure 4 illustrates the

overall architecture and components of our demonstration system. The users of

WAP devices access the system via the operator (Radiolinja) gateway. Both web

and WAP access go through the proxy server. The proxy also hosted some

example services for the trial, as well as personalisation tools and user data.
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Figure 4. The demonstration system's overall architecture.

The overall environment included:

e External WAP gateway (by Radiolinja)
e  WAP adaptation proxy/server (cf. chapter 4)
e A link editor application (chapter 5.4.1)

e A media bank application

e Several example services such as a message board and poll (chapter 5.4.2)

e Personal pages of the users that could be edited by the link editor with

WML or HTML browsers (chapter 5.4)
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The system performs the (X)HTML to WML conversion whenever needed, i.e.
when the content (static or dynamic) is in HTML or XHTML format. The
adaptation proxy communicates via HTTP protocol with other proxies and
servers, and can access WML and (X)HTML applications stored in external
HTTP Web servers.

The link editor is located on the same server as the adaptation proxy module, and
it is used in conjunction with the proxy. In the field trial set up, the other
example services were located on different Web servers. For example, the
message board and poll services were located in a Teamware site.
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4. WAP proxy - adaptation of services

Most of the functionality of ordinary web pages can be made available to mobile
devices. For instance, the existing WAP portals provide examples regarding how
this can be done. In the HTML world, the application developer may assume that
the user agent has a large colour display, a pointer and an alphanumeric
keyboard. In the mobile world however, the user agent capabilities vary and are
generally very modest when compared to desktop browsers. The display sizes
and capabilities vary from the small text displays of mobile phones to the
moderate colour screens of PDA’s. Also, a pointer is rare and the text input may
be elaborate. The mobile application should be tailored to the particular device
to guarantee good quality. The WAP adaptation proxy tries to automatically
adapt a document to a device that it was not originally designed for.

Jakob Nielsen [NIE99] gives a list of principles on how to offer the same service
with multiple interfaces. It is important that the different interfaces feel like
variations of a single system even though they have different designs:

e All system data should be the same across interfaces, even if all
information is not shown on all interfaces.

e All user information should be preserved across interfaces. The changes
made through one interface should be visible through another.

e Unified login, user identification and user profile should apply to all
Uls

e All Uls should provide the same functionality and side effects of
commands, even if some specific features are eliminated in some
versions.

It is not easy to decide what features should be preserved in which versions. A

graceful degradation always gives users the features that they really need. This
requires careful task analysis in real contexts of use.

24



Consistency is a commonly accepted but sometimes problematic design goal. In
the usability design of multi-platform web services, the question of whether the
site should look the same on all platforms or whether it should be changed to
make use of the idiosyncrasies of a particular environment must be considered.
[KETO00]

The adaptation may be based on the properties of the requesting user agent, the
network used, user preferences, or configuration parameters of the system
performing the adaptation.

4.1. User Agent Profiles

The WAP specification defines the User Agent Profile (UAProf) [UAPROF]
that will be used to transmit information about the client. It uses the W3C CC/PP
(Composite Capabilities/Preference Profiles) generic framework [CC/PP]. WAP
UAProf includes device hardware and software characteristics as well as
application and user preferences. Current definition of the UAProf includes over
50 parameters — a major adaptation challenge for service designers. Based on the
UAProf attributes, the services can adapt the contents and the presentation for
each client. Typically, UAProf is a URI (Uniform Resource Identifier) reference
to a shared set of preference data stored on a repository on behalf of all similar
devices.

UAProf includes a Default description block, which is used for default
characteristics, typically common to a group of devices or user agents across
multiple profiles. Each parameter in UAProf is associated with one of three
resolution rules that define whether the parameter can be changed during a
session, as well as whether the parameter has one or several attributes. The
profile can be enhanced to describe additional personal preferences,
characteristics of other user agents (e.g., email software) or characteristics of
hardware extensions.

The profile is not yet in use in current browsers. That is why the content and
device adaptation could not directly be based on the profile, but merely on
identifying the client browser and knowing the properties of the browsers in use
(cf. chapter 4.4).
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4.2. Document type conversion and content
adaptation

The HTML (or XHTML) to WML conversion consists of two main tasks:
dividing the document into parts that may reasonably be viewed on a display of
the target device, and converting the document type to the markup language
supported by the target device. The conversion should have knowledge about the
target device, such as display size, supported image formats, and the markup
language support.
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Figure 5. HTML/WML conversion.

The layout of an HTML page must be modified, and images are either discarded
or simplified. Most HTML pages are useful even without images, and the layout
may be mimicked by the suitable organisation of WML cards. The danger is that
the user may not find the desired information even though it is somewhere in the
card set. The division into cards makes the presentation simpler, but the cards do
not generally render the information unavailable (Figure 5). The practice has
confirmed the usefulness of converted HTML pages.
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The function of the adaptation can be tuned by several configuration parameters
(cf. chapter 4.4). For instance, HTML tables can be transformed into WML
tables, hierarchical lists or linear lists on the basis of configuration parameter
values (tableListMin, tableTreeMin, ...). Many of the parameter values can be
determined from the UAProf parameters (cf. chapter 4.1) of the requesting
device. A configuration parameter may also have a direct correspondence with a
UAProf parameter (such as wmlDeckSize).

The difficult elements are those that require large space for proper presentation,
and those that use spatial arrangement to express hierarchical structure. The
HTML table is used for both of these purposes. An example of a table usage that
requires a large space is a timetable. The common use of HTML tables is for
laying out the content. Each table cell is treated like a small HTML document
and it may contain nested layout tables. This structures the HTML page
hierarchically. The frames are also used for layout purposes, but their conversion
is different because the content of frames is not available during the conversion
of the frame set.

Optimally, the conversion should locate logical entities that fit in the target
display, convert them, and order them in a way that resembles the structure of
the original document. To achieve this, the conversion should recognise the
intentions of the author and categorise the elements accordingly. The categories
could be, for example, "site menu", "lay-out table", and a “table header row”.
This is easy to a human expert, but automating this procedure properly would
probably require artificial intelligence techniques. Currently, only simple
heuristics are used. It is also not always clear how the spatial structure of an
HTML document should be expressed as the interlinking of the derived parts.

The conversion must ensure that the user has access to all content that the user
agent in question can present. The information should be delivered even if the
presentation format is compromised. In the future, the personal profiling of the
conversion will enable the user to reject parts of the content, such as images.

The quality of the conversion depends strongly on the authoring style of the
source HTML. Ordinary HTML does not pay much attention to accessibility, so
the semantics of elements must often be guessed. If the author followed the
W3C Mobile Access Guidelines, many ambiguities would be resolved, and the
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quality of conversion results would consequently improve. The Mobile Access
Guidelines contain instructions to include alternative content and stress the
importance of using the HTML elements only in their original semantic roles.

4.3. Mediaconversions

Media conversions and adaptation is required when a client (user agent) requests
media content that is in a format that cannot be displayed by the client browser,
or when the content cannot fit into the limits of the memory of the device. Other
aspects include whether the display supports colours or not, what is the number
of bits per pixel supported etc.

Images (WBMP, GIF, JPEG and PNG). The adaptation proxy handles the
images of type WBMP, GIF, JPEG and PNG. The formats GIF, JPEG and PNG
are read (encoded). GIF, JPEG and PNG images are converted to other format if
required; the resulting format can be any of the following: JPEG, PNG or
WBMP. The images can be scaled, and some image quality parameters can also
be tuned during the adaptation in order to fit the image into the display of the
requesting user agent.

JPEG2000. From the point of view of the media adaptation to mobile devices,
the new JPEG2000 format [JPEG2000, JJ2000] provides many promising
features. JPEG 2000 is ISO/ITU-T standard for still image coding, and it is
based on the discrete wavelet transform (DWT), scalar quantization, context
modelling, arithmetic coding, and post-compression rate allocation.

The JPEG2000 adaptation is not included into the current implementation of the
adaptation proxy, but it is considered as a further research issue.

Vector graphics. Vector graphics should be very suitable for mobile use. For
instance, the XML-based SVG (scalable vector graphics) specified by W3C is a
promising format. Also, a mobile profile specification of SVG is under
development [SVGmobile]. However, the current WAP devices do not yet
support SVG images.
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Audio and video. Audio and video formats provide several possibilities as well
as challenges for media adaptation and conversions. The current implementation
of the adaptation proxy does not handle the audio and video formats, but instead
they are filtered out. However, the client browser (in addition to the used transfer
path) constrains what media types can actually be displayed. The adaptation and
conversion of audio and video media types is a further research issue.

4.4. Device adaptation

Device adaptation is based on the available information about the client device
(browser). The HTTP header "User-agent" (if it exists) is used to give
information about the client device and browser type. The "Accept" header gives
information about the mime types that the browser should accept. These headers
are used by the adaptation proxy to identify the client device (while the current
devices do not yet send UAProf information within WSP headers "profile-diff"
and "profile"). The proxy associates property parameters (such as maxDeckSize,
imageCapable, allowColors, allowJPEG, screenSize) with the device. Note also
that the other parameters used to configure the proxy (cf. chapter 5.6) are used in
adaptation and affect the results.

Memory. Variations in device memory were taken into account. The default size
of the WML deck was 1400 bytes. For the Nokia 3330 the size was increased to
2800 bytes, and for communicators larger deck sizes were also applied. In
general, the larger deck size was helpful as more text fits the screen than on the
other devices. Also, it was clearly useful to have fewer steps and larger pages on
the Nokia 9210 communicator because browsing backwards was slow.

Images. Image conversion was adaptive (Figure 4). With smaller devices, the
image appears as a link with the Alt-text of the image. If the user so chooses,
he/she can choose to view the image on a separate card. The black and white
WBMP format was the only format supported on most WAP phones. The Nokia
9210 also supports multi-colour JPEGs and the GIF format. For this device (see
Figure 6), the images appeared within the page in original format (JPEG).
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Figure 6. Image conversion can take into account the display properties of the
device.

The Ericsson R320 and R380 models support GIF images in addition to WBMP,
For these models, the following rule was used: the original GIF image will be

returned if its size is less than 1400 bytes, otherwise the image is converted to
WBMP format.

Also, constraints in the vertical and horizontal dimensions of the image were
applied. For example, the maximum image size for communicator type phones
was 192x144, and it was 96x96 for the others.

Text formatting. The proxy was set up to convert text formatting if the device
supported them. The converted tags were i, em, strong, b, u, big, small and font
size. Among the devices that were used in the field trial, text formatting was not
implemented at all in the case of the Nokia 6210, 7110 and 3330 and the Motorola
Timeport. The Nokia 9210 supported all formatting elements (Figure 7.)
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Figure 7. The Nokia 9210 utilises a plethora of methods for text emphasis
(Nokia Mobile Phones 2001).

The conversion reproduced spaces and line breaks after conversion when
necessary and removed extra line breaks. Without this, links and words may get
connected when HTML tags are removed and especially when tables are
deconstructed. Some WAP devices automatically insert line breaks after links.

Error messages. Instructive error messages were implemented. Each time an
error took place, the proxy aimed to generate a WML deck, which informed the
user and gave him/her instructions on how to overcome the error situation (see
also chapter 12.1.2). The error deck consists of a short description about the
error case followed by links for additional information, an error message and
instructions. The error messages are categorised as follows:

e Errors generated by the Web server that includes the requested page (HTTP
error codes)

e Malformed URL

e Connection to Web server cannot be established (commonly an error in
entering the URL address)

e Error occurred during the conversion of the Web page.

e Content type (Proxy checks content type and returns an error message if the
document is not of type HTML or WML)

e Empty content

e Requested image is too large or unsupported image type
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4.5. State management

The adaptation proxy also performs state management on behalf of the client.
This is required because most mobile browsers are not capable of maintaining
state information such as cookies. The state management with the adaptation
proxy is based on cookies and user authentication. This enables the proxy to
access many Web sites that require the user login.

4.6. Profiling

The conversion and adaptation is governed by a set of "options". A subset of
these options (parameters) is from the profiling information of requests, such as
UAProf (cf. chapter 5.1) or the HTTP "user-agent" header. The options are
internal to the proxy and the UAProf parameters must be mapped to these
internal parameters. If UAProf is not available, the user-agent header of the
request is examined. If it is not present or the specified user-agent type is
unknown, a default set of options is applied. These defaults should produce a
WML output that can be viewed with any WAP device.

The options are also used for setting general properties for the conversion, such
as breakpoint priorities for various HTML elements.

The options are divided into four categories:

e System default options,
e User preferences,

e  UAProf attributes, and

e Device class specific options.
Each of these categories of options produces options that are internal to the

system, and belongs to a restricted total set of options that the system is able to
handle.
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Default options. The default options are stored in a default options file (in XML
format):

<xmlconv-defaults>
<feature name=""AutomaticNextLinks" value="false"/>
<feature name="'CreateMediaDeck" value=""true'/>
<feature name="'CreatelMG" value="true'"/>
<property name="NextLabel' type="'string"” value='"\u2192"/>
<property name=""UpLabel" type="string"” value="\u2191"/>

</xmlconv-defaults>

By modifying the default options file, the system functions can be tuned. The
allowed option names correspond directly with the system inner option names,
and any of these can be included in the defaults.

User preferences. In the same way as the default options, user specific options
may also be included. The user preference file may have the same format as the
default options file. This facility is not included in the current implementation.
The selection of user files can be based on the user authentication information.

UAProf attributes. User Agent Profile information is related to the user agents
via a user agent properties configuration file.

User Agent classes. User agents are grouped so that it is possible to set options
that override the options of other categories. The user agent groups (classes) are
stored into separate XML files. The classes are formed from the phones with
similar properties (display size, WML version, deck size etc). A phone (user
agent) belongs at most to one class. A class may include zero or more phones.
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5. Evaluation set-up
5.1. Schedule

We evaluated mobile-transparent access both in the laboratory and in the field.
The field trials took place from March to June 2000, and April to June 2001.

For most users, the trial took 6 to 10 weeks. Some users had the opportunity to
use the trial services even longer, i.e. up to 16 weeks. The trial period gave the
users the opportunity to use the services as part of their normal lives, whether it
was work, studies, weekends, holidays or travel.

Laboratory tests with 4 to 5 users preceded both field trials. The purpose of the
laboratory tests was to correct main usability problems before using the service
in the field.

5.2. Data gathering

The data was gathered with several parallel methods: background forms, free-
form feedback, qualitative thematic interviews, use log files and call logs.

Semi-structured thematic interviews. In the main, the users were interviewed
three times: at the beginning of the trial, about three weeks from the start and at
the end of the trial. The main themes of the interviews were as follows:

1. Introduction — tasks, attitudes, instructions.

2. Second round — difficulties, usability.

3. Final interview — routines, user profiles, conclusions.
The interviews were conducted mainly at VIT in Tampere, at the home of the
user or his/her place of work. Some users were interviewed outside their home,

in coffee bars or parks. The interviews were recorded for further analysis. The
interviews took from one to three hours.
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Free-form feedback. Many users were active in giving feedback outside the
interviews as well, especially if there was a technical problem or the service was
down. Communication between the users and researchers was facilitated by the
fact that the users had the phone readily available. Using SMS and e-mail in
giving feedback was popular as well because communication was not bound
with the schedules of the users and researchers. Some comments about services
were also written on the Message Board.

5.3. Users

A total of 81 users took part in the field trials, i.e. 41 in 2000 and 40 in 2001.
The users were divided into Business users (27 people) and Private users (54
people). They were aged between 14 and 79. The business users were from each
of the participating companies in the WAP-UAPROF project.

In the 2001 field trial, the private users were further selected from five user
groups, with the study of group communication in mind. In samples of five
people, the groups were: Birdwatchers, Choir members, Expecting mothers
and Teens. The rest of the users comprised ten Individual users.

The groups were chosen to re